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The s p i l lo v e r  from a normal sym m etrical C assegrain a e r ia l ,  p a r t ic u la r ly  when the a e r ia l  
i s  d irec ted  towards a. low e le v a t io n  s ta t io n a r y  s a t e l l i t e ,  i s  eq u a lly  d is t r ib u te d .tow ards' 
the sky and th e lo c a l  hot Earth. In  order to  d ir e c t  t h is  r a d ia tio n  more toward the sky, 
both the su b r e fle c to r  and .i t s  feed  horn have to  be t i l t e d  in  the appropriate d ir e c t io n .
The consequences o f  t h i s  procedure are complex. The su b r e fle c to r  r e q u ir e s .c o n s id e r a b le  
red esig n  and th e  primary r a d ia tio n  p a ttern  can th ere fo re  su f fe r  s e r io u s . degradation .
The stu d y  has been aimed a t optim izing  the d esig n  and a sse ss in g  th e  consequences in  such a 
way as to  ach ieve a con sid erab le  red u ction  in  the E arth -d irected  s p i l lo v e r  w ithout undue 
decrease in  gain  or d e te r io r a t io n .in  secondary r a d ia tio n  perform ance..
T h eo retica l a n a ly s is  has been shown to  be in  good agreement w ith  experim ental p a ttern s  and 
computer programs have:been produced w hich. enable a l l  system s o f  t h i s  type to  be p r e d ic t­
ab ly  analysed .
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1 imCDUCTIOM
The rap id  developm ents seen  over-th e  l a s t  decade in  th e  d esign  o f  large  r e f le c to r  
a e r ia ls ,  capable o f  h igh -p ow er'tran sm ission  and low n o ise  r e c e p t io n .in  s a t e l l i t e  
communication and rad io  astronomy, were made p o s s ib le  w ith  the in v en tio n  and a p p lic a t io n  
o f  masers . and p aram etric . a m p lif ie r s . B efore - t h is  breakthrough was . achieved - th e . n o ise  
generated ,by  th e  c r y s ta l  m ixer.and m icrowave.a m p lifier  swamped- th e  f a in t  s ig n a ls  from 
space, and s a t e l l i t e .communication was im p ossib le . The new low n o i s e .a m p lif ie r s  reduced  
■the r e c e iv e r  n o ise  by such an ex ten t th a t the a e r ia l  n o ise  became comparable w ith , or  
grea ter  than the r e c e iv e r  n o ise ,;a n d  fo r  the f i r s t  tim e a e r ia l  d esig n  had to  take in to  
,account the fa c to r s  co n tr ib u tin g  t o .a e r ia l  n o is e .
A major c o n tr ib u t io n 'to  a e r ia l  n o ise  i s  t h e 'therm al n o ise  r a d ia te d . in to  - th e  main beam o f  
t h e .a e r ia l  by oxygen and w ater vapour m olecules i n ■the atm osphere,.and i n t o •th e  s id e  and 
back lo b es  by the ground. This n a tu r a lly  occurring background n o ise  s e t s  th e  u ltim a te  
l im it  t o  th e  s e n s i t i v i t y  o f  any .Earth-based communication system . The therm al n o ise  
co n tr ib u tio n  fo r  a w e ll  d e s ig n e d .a e r ia l, p o in tin g  towards the z e n ith  and op eratin g  w ith in  
'th e  1 -10  GHz frequency band, i s  extrem ely sm a ll, however - t h e •therm al n o ise  in c r e a se s  as  
■ t h e .a e r i a l .e le v a t io n :i s  r e d u c e d ,:and below about 20° more n o i s e . i s  introduced by th e  
a e r ia l  than by th e low n o ise  a m p lif ier .
With th e ex cep tio n  o f 'th e  lo s s e s  due to  the waveguide feed er , feed  components and 
r e f le c to r  p r o f i le  e r r o r s , th e  • fa c to r s  con tr ib u tin g  to  a e r ia l  n o ise  a.re a l l  dependant on 
th e  primary r a d ia tio n  p a ttern . A er ia l d esig n s th a t provide an e f f i c i e n t  parabolo id  
illu m in a tio n  have been developed and s t e a d i ly  improved and good perform ance. i s  now 
achieved w ith  the c e n tr e -fed  a e r ia l  having a prim e-focus feed  and th e  C assegrain  a e r ia l .
periphery  of1 "the paraboloid. i s  large  and feed  diam eters o f  about one or two wavelengths 
are n e c e s s a r y  to  s a t i s f y  the requirem ent o f  .near ..uniform aperture illu m in a tio n . The 
e a r ly  feed s were o f te n  b a s ic a l ly  open-ended waveguides, but though th ey  provideu a sim ple  
arrangem ent. i t  was im possib le  - to  ach ieve the d es ired  sharp r a d ia tio n  p a ttern  c u t - o f f  a t  
th e r e f le c to r  periphery and they  produced a high rearward s p i l lo v e r .  This was 
p a r tic u la r ly -tr o u b le so m e .in  th e  e a r ly  days o f  s a t e l l i t e  communication when-the s a t e l l i t e s  
were p la c e d .in  sub-synchronous o r b it s .  The ground s ta t io n  a e r ia ls  tracked  th e  s a t e l l i t e s  
across th e sky and fo r  the m ajority  o f  t h e ir  o p era tio n a l tim e th e a e r ia ls  were p o in ted  a t  
r e la t iv e ly  h igh  an g les o f  e le v a t io n . In t h is  p o s it io n  the m ajority  o f  th e  rearward 
s p i l lo v e r  was d ir e c te d  a t •the ground.and th e  therm al n o ise  co n seq u en tly :in crea sed .
Two p o s s ib le  ways o f  reducing th e . s p i l l o v e r .n o ise  were proposed. One s o lu t io n  in vo lved  
in creasin g" th e ap ertu re .an g le .an d  hence the a e r ia l  diam eter, the o th er  in vo lved  shaping  
the feed  r a d ia t io n  p a ttern  - t o .a c h ie v e .a sharper c u t -o f f .  The f i r s t  s o lu t io n  way 
uneconomical s in c e  the c o s t  o f  a s t e e r a b le .a e r ia l^ . i s  roughly p ro p o rtio n a l t o  D5 /X  w h ile  
the ga in  i s  p rop ortion a l to  D^/X. .E ffo r t was th ere fo re  concentrated  on th e  d es ig n  o f  
improved fe e d s .
S evera l designs o f  primary feed  have been proposed which e x h ib it  improved r a d ia t io n  
p a ttern s . However, even though th e se  d esig n s have reduced th e rearward s p i l lo v e r  and have 
consequently  reduced- the a e r ia l  n o ise  - the c e n tr e - f e d .a e r ia l  s t i l l  req u ires  a long  wave­
guide feed er  to  carry the rece iv ed  s ig n a l from th e  feed  to  the f i r s t  a m p lif ie r , which i s  
norm ally housed behind the r e f le c to r .  (Low n o ise  a m p lif ier s  can be p la c e d .a t  th e  fo cu s o f  
large  ra d io  astronomy a e r ia ls  but communications ground s ta t io n s  req u ire  24 hour op era tion  
and th e a r t i f i c i a l l y  cooled  low n o ise  a m p lif ie r s  jnust be a s s e s s ib le  fo r  m aintenance and 
rou tin e  s e r v ic in g . )
1 CUCCIA C L, and TEICHER S: 'The Economics o f  Antenna R eceiv in g  System s’ ,
Microwaves, June 1969, pp 86-95*
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ce n tr e -fed  a e r ia l .  The feed  horn i s  very  c lo s e  to  th e  'low n o ise  a m p lifier .a n d  hence 
there i s  no need fo r  a len g th y  waveguide feed er . The d if f r a c t io n  and d ir e c t  s p i l lo v e r  
p a st th e  su b r e f le c to r  i s  con fin ed  to  a sraall s o l id  angle centred on the a e r ia l  a x is  so  
th a t  when th e  a e r ia l  i s  p o in tin g  a t high e le v a t io n  a n g le s ’t h is  s p i l lo v e r  i s  d ir e c te d  
towards th e  'co ld ' reg io n  o f  the sky. In a d d itio n  because th e su b r e fle c to r  produces a 
sharp r a d ia tio n  p a ttern  c u t - o f f  a t  th e  r e f le c to r  p e r ip h e r y  th e  s p i l lo v e r  towards th e  
E a r th .is  sm a ll. One d isadvantage o f  th e  C assegrain  system  h ow ever.is th e in e v ita b le  
blockage o f  energy caused by the su b r e fle c to r .
As s a t e l l i t e  system s developed"the emphasis changed from sub-synchronous to  synchronous
o r b its  w ith  th e  s a t e l l i t e s  p o s it io n e d  22300 m iles.ab ove the E arth 's s u r f a c e . ^  As a
consequence. i t  became f e a s ib le  fo r  th e f i r s t  tim e t o  communicate d ir e c t ly  w ith  A u str a lia
from.England v ia  one s a t e l l i t e  p o s it io n e d  over th e  Indian Ocean. Hov/ever in  t h i s  o r b it
th e  s a t e l l i t e  subtends an angle o f  e le v a t io n  o f  on ly  about 6° . a t th e  Earth s ta t io n s  and
"the therm al n o i s e . introduced in to  th e system  "through th e main lobe in c r e a se s . This
. in c r e a s e .in  n c i s e . i s  p a rticu la r ly .a p p a ren t in  th e 'c a se  o f  th e  C assegrain  system  because
/
"the su b r e f le c to r  s p i l lo v e r ,  w h ic h .is  sym m etrically  d isp osed  about"the main beam, 
c o n tr ib u te s .a d d it io n a l therm al n o ise  t o  th e  r e c e iv in g  system .
2 HANNAN P W : 'Microwave Antennas d erived  from -the C assegrain
T e le sco p e ', IRE Trans. Antennas Propagation, March 1961, 
pp 140-153.
S /
3 BRAY W J  : 'S a t e l l i t e  Communication System s', The B u l le t in  o f  th e
I n s t , o f  Phys. and The Phys. S o c ., December 1965, 
pp 470-476.
4 HCDGSON J and JOWETT J K S: 'Uses o f  S a t e l l i t e s  fo r  T e le v is io n  Program
D is tr ib u t io n ', I n s t .  E le c t . Engrs. Conf. Pub. No. 46  
Part 2 , 1968, pp 1-21.
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o f  the C assegrain system .^  A c e n tr a lly  p laced  h yp erb olic  su b r e fle c to r  i s  used hut xvith 
the . a x is  o f  the hyperbola arranged lu  be o f f s e t  from th e  a x is  o f  th e main r e f le c to r .
The feed  horn p ro tru d es;through th e r e f le c to r  su rfa ce  c lo s e  to  th e low n o ise  rece iv e-- in  
a s im ila r  manner to  th e sym m etrical C assegrain  system  but being d ir e c te d  along - th e a x is  
o f  th e h yperbola . i t . i s  s e t  a t .  an. an g le  to  the main r e f le c to r  .a x is . This means th a t  when 
•the a e r ia l  main beam :is p oin tin g-tow ard s the horizon  the s p i l lo v e r  energy from th e  feed  
p a st-th e  su b r e fle c to r  i s  n o t sym m etrically  d isp osed  about - the main lobe b u t . i s  a im ed ,at  
th e  'co ld ' reg io n  o f  th e  s k y . . This arrangement should th ere fo re  r e ta in  th e  advantages 
but co n sid erab ly  reduce th e  d isadvantages o f- th e  b a s ic  C assegrain d esign , a t  low  
e le v a t io n .a n g le s . . . '
This t h e s is  con ta in s a -th e o r e t ic a l.a n d  experim ental assessm ent o f - th e  o f f s e t - f e d  
C assegrain  a e r ia l  d esig n . Chapter 2 d ea ls  b r ie f ly  w ith  the f a c t o r s .in flu en c in g  a e r ia l  
n o ise .a n d  con sid ers th e  e f f e c t - t h a t  a r e d is tr ib u t io n  o f  h yp erb olic  s p i l lo v e r  energy would 
have on the t o t a l  a e r ia l  .n o ise . These . co n sid era tio n s  lead to  the b a sic  o f f s e t - fe d  C assegra in  
;a e r ia l  design .an d  Chapter 3 c o n s id e r s 'th e  a e r ia l  d e s ig n .in  s ta g e s  s ta r t in g  w ith  th e  
ch o ice  o f  a s u ita b le  parab olo id .
The fa c to r s  in flu en c in g  th e gain  o f -th e  a e r ia l  are considered  s in c e  - th e o v e r a ll  e f f i c i e n c y  
o f  th e  a e r ia l  system  i s  d efin ed  by th e  r a t io  A er ia l Gain (aB)/System  N oise Temperature 
(k e lv in ) and i t  i s  c le a r  th a t .a  s l i g h t  red u ctio n  in  th e system  n o ise  tem perature w i l l  
y ie ld  .an improvement in  e f f ic ie n c y  o n ly  i f  th e  ga in , i s  not decreased . In order t o  v e r i f y  
th a t  th e  o f f s e t - f e d  C assegrain a e r ia l  d esig n  y ie ld s .a  lower system  n o ise  tem perature  
w ith o u t.a  s ig n if ic a n t  change in  ga in  compared w ith  con ven tion a l a e r ia l  d es ig n s  i t  i s  
n ecessa ry  to  a s se s s  th e performance o f- th e  var io u s feed  d esig n s in  a common p arab o lo id .
This ensures th a t the blockage caused by th e  tetrap ed  support stru ctu re  and th e  su r fa ce  
d e v ia tio n s  o f  the r e f le c t in g  su rface  are common param eters and th a t  the o n ly  v a r ia b le s  in  
the a n a ly s is  are th e  f e e d . illu m in a tio n  e f f ic ie n c y ,  feed  b lockage and feed er  a tte n u a tio n .
5 EAVEhoCRQFT I A: B r it is h  Patent S p e c if ic a t io n  11S05G0, Hay IS70.
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c e n tr e -fed  a e r ia l  and the o f f s e t - f e d  C assegrain a e r ia l .  In the case o f  the o f f s e t - f e d  
C assegrain a e r ia l'th r e e  d if fe r e n t  su b r e fle c to r s  are compared and var iou s o r ie n ta t io n s  c f  
the feed  horn w ith -r e s p e c t •t o ■the hyperboloid, a x is  o f  each su b r e fle c to r  are in v e s t ig a te d  
. in .a n .a t tc  o t t o  o p t im is e 'th e .a e r ia l  geometry and performance. .
Chapters 4 t o  6 are concerned w ith  t h e :in v e s t ig a t io n  o f  th e  primary (h o r n +. su b r e f le c to r )
• r a d ia t io n  c h a r a c t e r is t ic s .and•formulae are derived which enable the p r e d ic t io n  o f  th e se  
p a tte r n s . Comparisons are made o f  th e  p r e d ic te d .and experim ental r a d ia t io n  p a ttern s  .and 
very  good.agreem ent. i s  observed.
Chapters 7 to  9 .ex p la in  th e  p r a c t ic a l  work. in v o lv e d . in  th e assessm ent o f  th e var io u s  
co n fig u ra tio n s . Because o f - th e  hundreds o f  r a d ia t io n  p a ttern s in v o lv e d . i t  was recogn ized  
■ th a t r a d ia t io n  p a tte r n  measuring equipment - th a t f a c i l i t a t e s .accurate and r a p id .comparison 
was required  an d .con sid erab le  e f f o r t  was i n i t i a l l y  expended in  ach iev in g  f i r s t  c la s s  
primary.and secondary r a d ia tio n  p a ttern  measuring ran ges. T hese;are d e sc r ib e d . in  
Appendices I.and  I I .
Chapter 10 i s .concerned w ith  th e .a n a ly s is  o f - th e  secondary r a d ia tio n  p a tte r n s . Data 
from th e measured r a d ia t io n  p a ttern s  . are fed  i n t o . a computer and - th e ta b u la ted  r e s u lt s  
p ro v id e ,a  means o f  comparing•the gain  and energy d is tr ib u t io n  o f  th e  sym m etrical 
C assegrain , c e n tr e - f e d .and o f f s e t - f e d  C assegrain  a e r ia l  system s. F in a l ly  a comparison i s  
made o f  the o v e r a ll  performance o f  th e .a e r ia l .c o n f ig u r a t io n s .
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The improvement in  a e r ia l  n o ise  th a t can be obtained by d ir e c t in g ■th e h yp erb olic  
s p i l lo v e r  a t d if fe r e n t  reg ion s o f  the sky must be a sse ssed  b efore th e  geometry o f ’th e  
o f f s e t - f e d  C assegrain  a e r ia l  can .be determ ined.
The n o ise  paver rad ia ted  in to  the r e c e iv in g  system  o f  the a e r ia l  a t the f e e d . aperture  
r e s u lt s  from th e  n o i s e : em itted  by th e surrounding Earth and sky, and th e  sep ara te  
.co n tr ib u tio n s  vary con sid erab ly  as t h e .a e r ia l  e le v a t io n .i s . in crea sed . 6
The n o ise  co n tr ib u tio n  due .to  the E a r th .is  determ ined by P lan ck 's lav/ which s t a t e s  th a t  
fo r  each propagating mode o f  th e  system  th e n o ise  power ra d ia ted  by a b la ck  body a t  
a b so lu te  tem perature T .in .a  frequency band Af centred  on a frequency f i s  g iv en  by
P =  ----------------   Af ............  (2 .1 )
.exp(hf/kT ) -  1
where k =  Boltzm ann's Constant
h =  P lan ck 's Constant 
For l in e a r ly  p o la r ized  waves.and fo r  freq u en cies w ith in  th e microwave spectrum , where th e  
in e q u a lity  h f  «  kT h old s, eq uation  2 .1  s im p l i f i e s ' t o
P =  idP Af ......... .. (2 .2 )
At tem perature T =  290 k eIv in  (290K)* t h i s  therm al n o ise  power. i s  equal t o  - 114 dBm per  
MHz o f  bandwidth.
The n o ise  co n tr ib u tio n  due to  th e  sky i s  more co n v en ien tly  expressed  in  term s o f  
"equivalent n o ise  tem perature", a concept th a t i s  obtained by rearranging eq u ation  2 . 2 .
I f  the n oise paver due'to  a p articu lar source i s  ?n in . a s in g le  mode, and in  a bandwidth 
Af then the equivalent n oise 6s*nja^a7*ube. k?
Pn
-  -  n............................................................................................  (2 .3 )
k A f
6 CRCOM P L: 'N atu ra lly  Occurring Thermal R adiation  in  the Range 1 -1 0  GHz', Proc.
I n s t . E lec . E n grs., Vol I I I ,  No. 5 , May 1S65, pp 967-930.
*The symbol K (k e lv in ) rep la ces  th e  symbol °K (degree K elv in )
n o ise  tem perature o f  the sky. in  th e frequency range 0 .1  to  100 GHz.
The h igh  n o ise  from Space imposes a lower l im it  on the p erm issib le  frequency range fo r  
lo w .n o ise  r e c e p tio n  w hereas.a t h igher freq u en cies the.upper l im it  i s  s e t  by th e  therm al 
n o ise  generated by water and hydrogen absorption  in  the atmosphere. The g a la c t ic  n o ise  
;and atm osp h eric .ab sorp tion  d im in ish . i n ■ th e range 1 t o  10 GHz to  .provide'.a'low  n o ise  
"window". W ithin t h i s  range th e  sky n o ise  tem perature i s  o n ly .a  few k e lv in  a n d .con d ition s  
are very  favourable fo r  th e  op eration  o f  s a t e l l i t e  and s e n s i t iv e  radar system s.
I t  i s  p o s s ib le  to  o b ta in .a n  exp ression  fo r  th e n o ise  temperature o f .a n  a e r ia l  in  terms o f  
i t s  r a d ia t io n  c h a r a c te r is t ic s .a n d  the tem perature o f  th e surrounding medium. The a e r ia l  
n o is e •tem perature Ta . i s  obtained by w eighting  th e var iou s surrounding n o ise  tem peratures  
by th e  a e r ia l  g a in .in  th e  appropriate d ir e c t io n  so  th a t
T„ = 1_
471
T(0, <t>) G(0, <f>) dQ . . . . . .  (2 .5 )
if 71
where T(0, 4>) =  n o ise  source tem perature d is tr ib u t io n  - •
G(0, 4>) =  a e r ia l  ga in  fu n ctio n  (w ith .a e r ia l  p o in t in g ,a t  th e z e n ith )  
dQ =  s in  0 d0 d4>
th ere fo re
T =  ■*-0 471
2TI n
T(0, 4>) G(0, 4>) s in  0 d0 d<£. (2 . 6 )
0
Equation 2 .6  I s  d i f f i c u l t  t o  a p p ly .in  p r a c tic e  s in c e  n e ith e r  the n o i s e 'tem p eratu re.as a 
fu n c tio n  o f  p o s it io n  in  space nor t h e . a e r ia l  gain  fu n c tio n  i s  known e x a c t ly . However i t  
i s  norm ally p o ss ib le  t o  d iv id e  the space surrounding th e a e r ia l  in to , a number o f  s o l id  
an gles each o f  average temperature T^  so  th a t th e  a e r ia l  temperature i s  g iven  by
T. =  2  a i ' l1 1
i = 1
where T, — th e average n o ise  tem nerature va lu e  o f  each source
CLi — the fra cr io n  o f  the t o t a l  power rad iated  in  th e  s o l id  angle  Q;
power con ten t in  each can be c a lc u la te d  fo r  v a r io u s .a e r ia l  e le v a t io n  a n g le s . Then
n
2  a{ =  i
• i 1
where n =  th e  number o f  r a d ia t io n  pattern reg ion s co n sid ered .
7 *Reed has c a lc u la te d  the r e la t iv e  paver c o n te n t .in  seven  reg ion s - f o r .a C assegrain  a e r ia l
.a t  var io u s e le v a t io n  a n g les . The seven  r e g i'  • are th e main lo b e , f i r s t  order s id e lo b e s ,
near s id e lo b e s , forward s p i l lo v e r , fa r  s id e lo b e s , rear  s p i l lo v e r  and back lo b e s . The
r e la t iv e  powers in  the reg ion s can be determ ined by num erical in te g r a tio n  and th e t o t a l
a e r ia l  n o ise  tem perature i s  obtained by summing th e  co n tr ib u tio n  o f 'th e  seven  reg io n s  ie
7
V = -  2 <VT.
I ~ 1
Reed produced.a computer program which ev a lu a te s  equation  2 .6  a t 5000 p o in ts  fo r .a  
frequency o f  4 GHz. The . computer program a llow s fo r  the f a c t  th a t the Earth ■ ten d s t c  
become more r e f l e c t iv e  a t sm all an g les o f . in cid en ce so  th a t t h e .apparent ground tem perature
.n ea r 'th e - h o r iz o n . i s  reduced below 290K. Reed’s  r e s u lt s  are p resented  in  gra p h ica l form
w ith  tem perature p lo tte d  a g a in s t .a e r ia l  e le v a t io n  fo r  each o f  th e seven  r e g io n s . Each 
graph con ta in s curves rep resen tin g  a range o f  paver con ten t.
The graph fo r  hyperbolic  s p i l l o v e r . i s  p a r t ic u la r ly .in te r e s t in g  a n d .is  reproduced .in  
P ig . 2 .2 .  - I t  i s  ev id en t from t h i s  curve th a t the n o ise  temperature c o n tr ib u tio n  from 
hyperbolic  s p i l lo v e r  i s  h ig h ly  s e n s i t iv e  t o  sm all changes in  a e r ia l  e le v a t io n . For example 
w ith  10% o f  the a e r ia l  paver contained  in  the h yp erb olic  s p i l lo v e r  th e  n o ise  tem perature  
co n tr ib u tio n  w ith  an a e r ia l  e le v a t io n  o f  5° i s  1 0 .5K, but w ith  an a e r ia l  e le v a t io n  o f  30° 
i t  i s  reduced by 10K to  0.5K, th a t i s  a red u ctio n  o f  95.2%. By comparison, a main lo b e  
con ta in in g  80% o f  the t o t a l  paver con ten t w i l l  co n tr ib u te  21 . 3K to  th e  a e r ia l  n o ise  
temperature w ith  an a e r ia l  e le v a t io n  o f  5° and v / i l l  co n tr ib u te  3 .8K w ith  an a e r ia l  e le v a ­
t io n  o f  30°. The red u ction  in  t h i s  case i s  82.2%.
'7 REED H H: ‘N oise Curves fo r  High-Gain A ntennas', Microwaves, A p ril 1967, pp xcw ig.
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th ere fo re  more pronounced in  the case o f  th e h yp erb olic  s p i l lo v e r  than  fo r  th e  main lo b e . 
This i s  b eca u se . approxim ately h a lf  the h yperbolic  s p i l lo v e r ,  which i s  norm ally conta ined  
w ith in  a s o l id  angle o f  about 70°, i s  d irec ted  a t  th e Earth when th e a e r ia l  e le v a t io n  i s  
5° whereas the main lobe energy i s  confined  w ith in  a s o l id  angle o f  l e s s  than 1° and i s  
d irec ted  s o l e ly  skywards. As th e  a e r ia l  e le v a t io n . i s  in crea sed 'th e  p o r tio n  o f - th e  s o l id  
angle con ta in in g  th e  h yp erb olic  s p i l lo v e r ' t h a t  in te r c e p ts '  th e Earth i s  r a p id ly  reduced. 
Consequently th e  n o ise  tem perature co n tr ib u tio n  from th e  warm Earth becomes l e s s  s ig ­
n if ic a n t  . and th e  major co n tr ib u tio n  comes from th e  sky.
T h is . in d ica ted  t h a t . a s .a s ta r t in g  p o in t .in  th e d es ig n  o f  the o f f s e t - f e d  C assegrain  a e r ia l  
th e  feed  horn should be d ir e c te d  a t  an .angle  about 30° above the parabolo id  a x is  s in c e .a t  
low a e r ia l  e le v a t io n s  t h i s  would y ie ld  a reduct io n . in  n o ise  temperature o f  about 10K. Prom 
A. co n str u c tio n a l p o in t o f  v iew  an angle o f  32° was . chosen w ith  an g les o f  32° ±  5° a ls o  
.in v e s t ig a te d  in  order to  t r y  t o  ob ta in  an optimum c o n fig u ra tio n .
o
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3 .1  A e r ia l I llu m in a tio n  Requirements
P arab clo id a l a e r ia ls  p ro v id e .a  convenient means o f  ob ta in in g  a h igh  ga in . T h e .a e r ia l  
gain  i s  p r o p o r tio n a l-to 'th e  area o f  th e aperture and i s  dependent on the feed  energy  
d is tr ib u t io n . The co n d itio n s  th a t should be f u l f i l l e d  by th e  f e e d .in  order to  
produce th e maximum gain  must be considered  b efore  an a e r ia l ,  can be d esign ed . The 
a e r ia l  feed  d esig n  should approach th a t o f  th e id e a l  feed , th e  c h a r a c te r is t ic s  o f  
which can be summarized.as fo llo w s
a. . I t  should illu m in a te  th e r e f le c to r .u n ifo r m ly .
b. I t  should not ra d ia te  , any energy beyond th e  se c to r  d efin ed  by th e  s o l id
angle subtended a t th e focus by th e periphery  o f - th e  r e f le c to r .
c . . I t  should have c ir c u la r  symmetry.
d. . I t  should have.a  d is c r e te  phase cen tre .
e .  I t  should be freq u en cy . independent.
f .  . I t  should be p e r fe c t ly  matched w ith  r e sp e c t t o . i t s  feed er .
Although i t  i s  p o s s ib le  t o  approach th e requirem ents o f  co n d itio n s (c )  t o  ( f ) . i t . i s  
•im possible to  s a t i s f y  both (a) and (b ) and .the feed  r a d ia tio n  p a ttern  must be 
produced w ith  c a r e fu l ly  c o n tr o lle d  ta p ers . The optimum illu m in a tio n  i s  g iv en  by th e  
compromise which y ie ld s  th e h ig h est  ga in  fo r  the low est s id e lo b e  and in  p r a c t i c e . i t  
has been found th a t t h i s  corresponds to  a tapered  illu m in a tio n  o f  about -10 dB.
3 .2  Choice o f  A e r ia l Geometry
Qae o f  th e  o b je c t iv e s  o f  th e  experim ental program w as•to  compare th e e l e c t r i c a l  
performance o f  th e  sym m etrical C assegrain, c e n tr e -fe d  and o f f s e t - f e d  C assegrain  
a e r ia ls .  In order to  enable t h e •th ree  a e r ia l  d esign s t o  be f a i r l y  a s s e s s e d . a 
stru ctu re  th a t i s  optimum fo r  each must be used. This i s  not ea sy  t o  ach ieve  s in c e  
th e optimum performance o f  th e  c e n tr e -fed  a e r ia l  i s  n ot n e c e s sa r ily .a c h ie v e d  w ith  a 
paraboloid  geometry th a t i s  optimum fo r  a C assegrain  a e r ia l .
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illu m in a tio n  e f f ic ie n c y  improve as th e a e r i a l .aperture angle i s  reduced. -However, 
although th e s p i l lo v e r  lo s s e s  decrease and the a e r ia l  e f f ic ie n c y  in c r e a se s , i t  i s  
not p r a c t ic a l  t o  d esig n  a la rg e  c e n tr e -fe d  a e r ia l  w ith  a very  sm all aperture an g le . 
When the requirem ents o f  th e primary feed , waveguide feed er  and o v e r a ll  d es ig n  o f  
th e s tru c tu re  are considered  th e most s u ita b le  aperturr angle i s .about 140°.
The above d i f f i c u l t i e s  d im in ish  when a C assegrain  system , i s  considered  s in c e  the  
geometry rnakes . i t  p o s s ib le - to 'o b ta in .a  very  long e f f e c t iv e  fo c a l  le n g th . The 
C assegrain  geometry a ls o  a llow s th e .u se  o f  so p h is t ic a te d  feed s and as the space  
a tten u a tio n  fa c to r  i s  sm all more e f f ic ie n t ' .u s e  o f  th e  aperture i s  p o s s ib le .  The 
.aperture an g les o f  C assegrain  a e r ia ls  a r e .commonly in  th e  range 150° t o  170°.
The requirem ents fo r  th e c e n tr e -fe d  a e r i a l .and th e  C assegrain  a e r ia l  a r e •th e r e fo r e  
d if fe r e n t  and a compromise so lu t io n  was sought.
For th e purpose o f- th e  experim ental program a paraboloid  having a n .aperture an gle  o f  
.about 150° was co n sid ered 'to  be-a  f a ir  compromise.and.a s .a 14' f t  p arab olo id  having  
an .aperture angle  o f  1 4 7 ° .and.a s a t is fa c to r y  s u r fa c e 'to lera n ce  was a v a i la b le 't h i s  
r e f le c to r  was s e le c te d  fo r  the c e n tr e -fe d  and C assegrain  secondary measurements.
Once the paraboloid  parameters are known i t  i s  p o s s ib le  to  progress to  th e more 
d e ta ile d  a sp ects  o f  th e  a e r ia l  d esign .
3 .3  O ffse t S u b reflec to r  D esign
The c o n d it io n s ' to  be s a t i s f i e d  by th e id e a l  feed  have been summarized in  s e c t io n  3 .1 .
The b a s ic  co n d itio n s th a t  the su b r e fle c to r  should  s a t i s f y  are s im ila r  and can be 
summarized as fo llo w s
a. The focu s o f  th e su b r e fle c to r  should be co in c id en t w ith  th e focu s o f  th e  
main r e f le c to r .
8 DAVIDSON C F and RAVENSCRQFT.I  A : ’D esign C onsiderations fo r  a Centre-Fed
F arab olo id a l A e r ia l System fo r  a S a t e l l i t e — 
Communication Earth S ta tio n . Part 1 . R e f le c to r  
Surface and Feed Support S tr u c tu r e ’ , I n s t .  E le c t .  
Engrs. Conf. Pub. No. 21 , June 1966, pp 2 8 9 -3 0 3 .
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sp h e r ic a l wave.
c . The r e f le c te d  energy should b e .uniform ly d is tr ib u te d  over th e paraboloid
and n e g l ig ib le  energy should be rad iated  e lsew h ere.
d. The su b r e fle c to r  should be in  the f a r - f i e ld  o f  th e  feed  horn.
e . The su b r e fle c to r  should n ot cause appreciab le  b lockage. '
f .  The waveguide feed er  should be as sh o rt as p o s s ib le .
The above co n d itio n s are tru e  fo r .a n y  C assegrain  a e r ia l  d es ig n .b u t th e  o f f s e t - f e d  
C assegrain  a e r ia l  desi.gn in troduces com plications because o f ' th e  asym m etrical shape 
o f 'th e  su b r e f le c to r . The su b r e fle c to r  i s  o va l in  shape when viewed along th e  
p arab o lic  a x is  and the major dim ension o f  the o v a l l i e s . i n  the same p lane as the feed  
horn. This p lane was d efin ed  th e  " o f fs e t  plane" s in c e  i t .  i s  in  t h i s  p lan e th a t  th e  
hyperboloid a x i s . i s  o f f s e t  from th e  paraboloid  a x is .  The plane perpendicu lar to  th e  
" o ffs e t  plane";and co in c id en t w ith  the paraboloid  . a x i s .cu ts  th e  s u b r e f le c to r  a t .  a 
sym m etrical cro ss  s e c t io n  and was th ere fo re  d efin ed  th e  "symmetrical p lane" .
Three o f f s e t  su b r e fle c to r s  were produced having hyperboloid  o f f s e t  an g les*  o f  2rf >> 
3 2 ° .and 37°, th e  p re lim in a ry .a e r ia l  d esign  being  based on the 32° su b r e f le c to r . .In  
order t o  keep th e  blockage w ith in  reasonable l im it s  th e  major dim ension o f  th e  
s u b r e f le c to r :i s  lim ite d  t o  about 20 w avelengths, th a t i s  about 20 in .a t  1 1 .1  GHz.
The mean o f  _th e  major.and minor dim ensions can be ta k en .a s  the e f f e c t iv e  d iam eter d7 
o f  the o f f s e t  su b r e fle c to r . The lo s s  in  ga in  due to  su b r e fle c to r  blockage w i l l  n o t
j /
exceed 0 .2  dB provided th a t Q /p  . i s  l e s s  than 0 .1 ,  where D i s  the diam eter o f  th e  
p arab olo id .^  The maximum va lu e  o f  d7 which l im it s  th e  lo s s  in  gain  t o  0 .2  dB w ith  a 
14 f t  diam eter paraboloid  i s  d7 =  18 in . 'T/U
. n
Tne angle between the h yp erb olic  a x is  and th e  p a ra b o lic  a x is  w i l l  in  fu tu re be r e fe r re d  
t o  as th e  hyperboloid o f f s e t  an g le . The su b r e fle c to r  having a hyperboloid  o f f s e t  an g le  
o f  32° v / i l l  be r e ferred  to  as a 32° su b r e fle c to r .
9 DE SIZE L K: The Microwave Engineers T echnical Handbook, 1937 p 125.
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feed  horn on th e  hyperboloid  a x is  can be s p e c if ie d . Two requirem ents must be 
con sid ered . F ir s t ly ,  the feed  horn should oe p o s it io n ed  as c lo s e  as p o s s ib le  to 'th e  
su rface  o f  th e paraboloid  ■ to  reduce th e  feed er  len g th  betw een-the horn and the f i r s t  
a m p lif ier  a n d .a lso  to  reduce th e  blockage and sc a tte r in g  due to  th e  horn and i t s  
fe e d e r ,a s  s e e n - in  th e  " o f fs e t  p lane" . Secondly, the su b r e f le c to r  should be s itu a te d  
:i n •the -f a r - f i e ld  o f  th e  feed 'h orn . The f a r - f i e ld  reg io n  o f  a c ir c u la r  ra d ia to r  may 
,be considered  to  s t a r t .a t .a  d ista n ce  D ' , c a lle d  th e  Fraunhofer d is ta n c e , from th e  
ra d ia tin g  aperture, where
D/ =    ( 3 . 1 )
d =  horn aperture diam eter
.In  order t o  s a t i s f y  th e f i r s t  requirem ent. i t  was i n i t i a l l y  decided  to  s i t u a t e  the  
■ horn .aperture a t . a  p o in t.a b o u t one th ir d  o f  the d is ta n ce  from th e r e f le c to r  su rfa ce  
•to  th e  r e f le c to r  ■ fo cu s . As t h i s  d is ta n c e , when measured along a l in e  m aking.an angle  
o f  .32° w ith  the paraboloid  a x is ,  .is .a b o u t  60 in , th e horn aperture was p laced  40  in  
from th e  r e f l e c t o r •fo cu s, F ' .
T he.angle subtended by th e major dim ension o f  the hyperboloid  a t  the feed  horn phase
cen tre , F can now be estim ated . In th e  case  o f  the 32° su b r e fle c to r  th e  major
d im en sion .is' red u ced 'to  .about 17 in  when v ie w e d a lo n g  the h yp erb olo id - a x is  so  th a t
—7 8 5th e  r e q u ir e d . angle . i s  g iven  by 2 tan  =  2 4 ° .
S u f f ic ie n t  in fo rm a tio n .is  a v a ila b le  a t t h i s  sta g e  t o  enable the s u b r e f le c to r  p r o f i le  
to  be obta ined . The hyperboloid  geometry i s  shown in  F ig . 5 .3  and th e  eq u ation  o f  . a 
hyperboloid  i s  g iven  by
~  ~ Z j  =  1 . . . . . .  ( 3 . 2 )
af b
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from th s v e r te x  o f  the hyperbola.
y =  — J x 2 -  b2 or y  ~  \ [ ( £ 2 -  l )  ( x 2 -  a?)
a
th e r e fo r e  y =  — J x S 2 +  2ax'    ( 3 . 3 )
a
where x /  =  x  -  a . . . . . .  ( 3 . 4 )
b =  J o 2 -  b2   ( 3 . 5 )
£ =  -  " . . . . . .  ( 3 . 6 )
a
where S =  th e  hyperboloid  e c c e n tr ic ity .
. I t . i s . a  property o f  the hyperbola t h a t . i f  P . i s . a  p o in t on the curve and F and F / .are  
the two f o c i i  then
F'F -  F 'P  =  K   ( 3 . 7 )
where K =  , a . con stan t
I t .c a n  be seen  from F ig . 5 .3  th a t  when 0 =  0 , FFr =  2c .and F'P — c -  a . Therefore  
FF' -  F 'P  =  c +  a
K =  c +  a . ‘   ( 3 . 8 )
The constant i s  determ ined e m p ir ica lly  such th a t th e  su b r e fle c to r  periphery  c o in c id e s  
w ith  the cone d efin in g  the . a n gu lar . aperture o f  the r e f l e c t o r . and. in  a d d itio n  subtends 
an angle o f  24° a t th e  horn phase cen tre . The va lu e o f  the con stan t which s a t i s f i e s  
■ th ese  requirem ents :i s  K =  3 5 .6 .
Now s in c e  2c =  40, v a lu es  fo r  a and b can be found from eq u ation s 3 . 5 .and 3 .8 .
2c =  40  .*. c =  20
a =  K -  c a =  15 • 6
b =  J o2 -  a2 / . b =  12 .5156
S u b stitu tin g  the va lu es o f  a and b in  equation  3 .3  g iv e s
are ta b u la ted  in  Table 3 . 1 .  The required  o f f s e t  hyperboloid i s  obtained by r o ta tin g  
th e  p r o f i le  d e f in e d •by th ese  co -o rd in a tes  about th e  x  axis- and then  s l i c in g  o f f  a 
p o r tio n  o f  th e sym m etrical-hyperboloid . The angle which the s l i c e  makes w ith  the  
hyperboloid  a x i s _i s  dependent on the hyperboloid o f f s e t  an g le . The su b r e fle c to r  
p e r ip h e r y .is  d efin ed  by the in te r s e c t io n  o f  the hyperboloid .and the aperture angle  
.cone.
TABLE 3 .1  CO-ORDINATES REPRESENTING THE FRCFILE OP THE OFFSET SUBREFLECTQR
* ' y... y x ' y
0.0 0.000 3 .2 8 .4 1 7 6 .4 12 .445
0.2 2.010 3 .4 8 ,701 6.6 12.672
0 .4 2 .852 3 .6 8 .9 7 9 6.8 1 2 .896
0.6 3.504 3 .8 9 .252 7 .0 1 3 .119
0.8 4 .0 5 9 4 .0 9 .519 7 .2 1 3 .340
1.0 4 .5 5 2 4 .2 9.782 7 .4 13c559
1.2 5 .002 4 .4 10.041 7 .6 13 .776
1 .4 5 .4 2 0 4 .6 10.295 7 .8 13 .992
1.6 5 .812 4 .8 10 .546 8.0 14 .207
- 1.8 6.183 5 .0 10 .793 8.2 14 .420
2.0 6 .5 3 7 5 .2 1 1 .037 8 .4 14.632
2.2 6 .8 7 7 5 .4 11 .278 8.6 14.842
2 .4 7.204 5 .6 1 1 .517 8.8 15.052
2.6 7 .5 2 0 5 .8 11 .752 9 .0 1 5 .260
2.8 7 .8 2 7 6.0 11 .986 9 .2 15 .467
3 .0 8 .126 6.2 12 .216 9 .4 15 .673
The su b r e fle c to r  p r o f i le  i s  i l lu s t r a t e d  in  F ig . 3 . 1 ( a) .  The shape o f  the  
su b r e fle c to r  when viewed along the paraboloid  a x is  i s  a ls o  shown; i t  i s  roughly  
ova l in  shape w ith  major and minor axes o f  20 in  and 16 in  r e s p e c t iv e ly .  The area  
p resented  as blockage i s  then approxim ately equal to  th e  area o f . a  c ir c u la r  r e f le c to r
     „  w u^iiw w^ i ‘-'■J- uuw ouuiCU.C'UUUi' -Llo LdiU£> auuuu
ten th  th e diam eter o f  the main r e f le c to r  and the gain red u ction  due to  d ir e c t  
blockage o f  en erg y . i s .about 0 .2  dB.
The 7 x t  s te p  i s  to  s p e c ify  t h a t •th e su b r e fle c to r  periphery  in  th e " o ffse t-p la n e"  
should  be illu m in ated  w ith  a l e v e l  o f  about -1 0  dB r e la t iv e  to  the horn maximum 
when th e horn b is e c t s - th e  angle o f  2 4 ° . The feed  horn should a ls o .e x h ib it  low  
s id e lo b e s  and a c ir c u la r ly  sym m etrical main lo b e . Conventional waveguide horns do 
n o t s a t i s f y  th ese  requirem ents and'two s p e c ia l  horns, th e  dual mode horn and the  
d iagon al horn, v/hich w i l l  be d escrib ed  in  Chapter 4 , were s e le c te d  fo r  t h e ir  
e x c e l le n t  r a d ia t io n .c h a r a c te r is t ic s .  For th e purpose o f  the a e r ia l  d e s ig n . i t  w i l l ,  
be n ecessa ry  t o  s t a t e .a t  t h i s  p o in t th a t i t •has been shown^ th a t  th e  aperture
diam eter.and the -1 0  dB beamwidth o f  dual mode horns are r e la te d  by ex p ressio n
20 '  =     (3 . 10 )
d
where 2 0 ,  =  horn -1 0  dB beam width.in degrees.
The horn diam eter required  to  g iv e  th e d es ired  su b r e fle c to r :ed g e  illu m in a tio n  i s  
obtained by su b s t itu t in g  20r =  24° ,and A 1 in  in  equation  3 . 10 .
Therefore d =  d  6 in .
24 ‘
With t h is  . aperture diam eter th e 40  in  spacing  (FF7 ) i s  eq u iv a len t t o  (1 .1 5  dS ) /  a
which in d ic a te s  th a t  the s u b r e f le c to r . i s  n o t in  th e f a r - f i e ld  o f  th e  horn.
The f a r - f i e ld  d e f ic ie n c y  may be corrected  by r e p o s it io n in g  th e  feed  horn. A sm aller  
horn aperture would broaden th e main lob e beamwidth and th e horn would need to  be 
moved nearer to  th e  su b r e fle c to r  to  m aintain  th e -1 0  dB su b r e f le c to r  edge illu m in a ­
t io n .  As the beam w idth.is p rop ortion a l t o  'd' and th e Fraunhofer d is ta n c e  i s  
p rop ortion a l to  'd 1 the c lo s e r  th e horn i s  t o  th e  s u b r e f le c to r , the more p o s s ib le  
i t  becomes to  s a t i s f y  the f a r - f i e ld  requirem ent. However as th e hyperboloid  i s
10 MCSE3E A G D: 'Campersated Waveguide Horns1, U n iv ers ity  o f  London M.Sc D is s e r ta t io n ,
1967.
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dim ensions become in to le r a b ly  la r g e . 'For. example, i f  a horn w ith  an aperture  
diam eter o f  2 in  i s  employed the -1 0  dB beamwidth would be 70° and the horn/ 
su b r e f le c to r  sep aration  would be reduced to  about 12 . in  ie  D e  (3d^)/X.  But the  
su b r e f le c to r  dirrension. in  the " o ffse t plane'’ would be 40 in , which would g ive  r i s e  to  
in to le r a b le  b lockage. In a d d itio n  the horn feed er  would be lengthened ap p reciab ly  
'.and would i t s e l f  g ive  r i s e  to  in creased  b lockage.and lo s s .
For th e se  reason s and because i t  should be p o ss ib le  t o  co rrect fo r  any phase erro rs ,
. introduced through the r e la x a t io n  o f  th e f a r - f i e ld  co n d itio n , by a sm all adjustm ent 
:in  th e su b r e f le c to r  p o s it io n , th e  h o r n /su b r e fle c to r  sep a ra tio n  o f  40  in  i s  con sid ered  
s a t is fa c to r y .  The f in a l  geometry o f  the o f f s e t - f e d  G a sse g r a in .a e r ia l w ith  t h e ,32° 
s u b r e f le c to r . i s  show n.in F ig . 3 . 2 .
The above technique p e r m i t s  the d esig n  o f  a s u i t a b le .32° su b r e f le c to r . The method i s  
f l e x ib le  however and .can be .used to  d es ig n  su b r e fle c to r s  having hyperboloid  o f f s e t  
an gles o th er than 32°. In the experim ental program th ree  su b r e f le c to r s  were made 
having th e same h yperbolic  p r o f i le  but with'- hyperboloid  o f f s e t  a n g les  o f  2 7 ° , 32° and 
3 7°. The hyperboloid dim ension o f  4 .4 0 0  . in , g iven  by the d if fe r e n c e  between- the  
param eters 1c 1.and 1 a !, i s  common t o ■t h e ■th re  2 o f f s e t  su b r e f le c to r s .
Table 3 .2  and the graphs in  F ig . 3 .3  i l lu s t r a t e  the r e la t io n sh ip  between th e  
hyperboloid  o f f s e t  angle and the asym m etrical shape in  th e " o ffse t  plane" g iven  by 
th e dim ensions PQ, OR and PR in  F ig . 3 . 1 ( a ) .
TABLE 3 .2  THE RELATIONSHIP BETWEEN THE HYPERBOLOID OFFSET ANGLE AND THE SUBREFLECTCR 
DIMENSIONS
Hyperboloid  
O ffse t  Angle 
(Degrees)
S u b r e fle c to r  Dimensions 
( in c h e s )
PQ QR PR ST
27 5.000 12.750 17.750 15 .75
32 4 .875 14 .625 19 .500 1 6 .7 5
37 4 .750 17.£25 xOO • O /O 1 8 .2 5
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having hyperboloid  o f f s e t  an g les le s s  than 2 rP  . I t  i s  ev id en t th a t  fo r  a g iven  
hyperboloid  p r o f i le  th e su b ref le c to r  dinners ion s and hence the blockage i s  in creased  
as th e  hyperboloid  o f f s e t  angle i s  increased* The horn i t s e l f  g iv e s  r i s e ; t o  
in creased  blockage because th e  horn i s  n o t  masked by the su b r e fle c to r  when i t  i s  
o f f s e t  from the p arab o lic  a x is .
The lo s s  - in  gain  th a t, can be a ttr ib u te d  t o  th e b lockage, caused by th e  su b reflec+ o r  
and horn can be determined by c a lc u la t in g  the t o t a l  area blocked by th e  su b re f le c to r  
and horn and then  eva lu atin g  th e  lo s s  in  gain, due t o .  a c ir c u la r  d is c  o f  eq u iv a len t  
.area . The combined lo s s  in  g a in  fo r  the horn and the th ree  s u b r e f le c to r s  having  
hyperboloid  o f f s e t  an g les o f  2 '/>, 32° and 37° i s  0 .3 2  dB, 0 .3 8  dB and 0 .4 2  dB 
r e s p e c t iv e ly .
A s im ila r  c a lc u la t io n  g iv in g  th e  eq u iv a len t r e s u l t  fo r  a 17° s u b r e f le c to r  y ie ld s  a 
l o s s . in  ga in  o f . about 0 .2 6  dB,’ which in d ic a te s  th a t  th ere  should be some advantage to  
be gained by reducing th e hyperboloid  o f f s e t  angle below 2 7 ° . However the s p i l lo v e r  
energy would, be d irec ted  lower in  th e  sky, and th e su b r e fle c to r  would be l e s s  
e f f i c i e n t l y  illu m in ated  s in c e  th e  su b r e fle c to r  periphery  would subtend an an gle  o f  
o n ly .about 20°  a t  th e horn phase c e n tr e .
Having . cons/c/eredthe d esig n  o f  th e o f f s e t - f e d  C assegrain a e r i a l ; i t . i s  p erm iss ib le  t o  
proceed w ith -th e  d esign  o f  a nonparable sym m etrical C assegrain  a e r ia l .
3 .4  Symmetrical S u b reflector  D esign  —
In order to  compare the performance o f  th e  o f f s e t - f e d  and. sym m etrical C assegrain  
.a e r ia ls  th e  d es ig n  parameters fo r  th e  sym m etrical su b r e fle c to r  are based on th o se  used  
in  the d es ig n  o f  the o f f s e t  su b r e f le c to r s  and th e  same su b r e fle c to r  perip h ery  
illu m in a tio n  le v e ls  apply. The con stan t d e fin in g  th e  shape o f  the hyperbola i s  
determined em p ir ica lly  such th a t  w ith  a' f o c i i  sep aration  o f  40 in  and a paraboloid  
aperture angle  o f  147°, th e su b ref le c to r  p erip h ery  subtends an angle o f  24° a t  che 
horn phase cen tre . The constant w h ich .s a t i s f i e s  th ese  requirem ents i s  K =  3 5 .0 7 5 .
From equation  3 .8  a =  K -  c 
From eq uation . 3 .5
a =  15.075
b =  13.143
S u b stitu tin g  the va lu es o f  a.and b in  equation  3 .3  g iv es
y  =  0 .8 7 1 8  J x ' 2 +  30 .15  x '  . . . . . .  (3 .1 1 )
The s o lu t io n s  o f  . equation  3 .1 1  fo r  v a lu e s  o f  x ' . in  th e  range x '  — O t o  ^  =  2 -575  
are ta b u la ted  in  Table 3 .3 .
TABLE . 3 . 3  CO-CHDINATES REPRESENTING THE PROFILE OF THE SYMMETRICAL SUBREFLECTOR
y x' y
0.0 0.000 1 .4 5 .794
0.1 1 .5 1 6 1 .5 6 .0 0 7
0.2 2 .1 4 8 1.6 6.214
0 .3 2 .635 1 .7 6 .415
0 .4 3 .048 1.8 6 .612
0 .5 3 .413 1 .9 6 .803
0.6 3 .745 2.0 6 .991
0 .7 4 .0 5 1 2.1 7 .175
0.8 4 .3 3 8 2.2 7 .355
0 .9 4 .6 0 9 2 .3 7 .532
1.0 4 .8 6 6 2 .4 7 .7 0 6
1.1 5.13B 2 .5 7 .8 7 7
1.2 5 .3 4 7 2 .5 7 5 8 .003
F ig . 3.1 (b) i l lu s t r a t e s  th e p r o f i le  and dim ensions o f  th e sym m etrical su b r e f le c to r ,  
and F ig . 3 .4  shov/s th e  com plete geometry o f  th e  sym m etrical C assegrain  a e r ia l .
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3 . 4  GEOMETRY OF THE SYMMETRICAL CASSEGRAIN AERIAL
The feed  horns used in  the experim ental program are required  to  e x h ib it  good r a d ia tio n
11p r o p e r tie s . Several, horn- d esig n s were in v e s t ig a te d  and two. were chosen .as being th e  
most s u ita b le  on o v e r a ll  e l e c t r i c a l  performance and convenience o f  m echanical con stru c­
t io n .  One h o r n .is  a c ir c u la r  "dual mode" horn the other a square "diagonal" horn. The 
two d esig n s are d iscu ssed  b r ie f ly  in  th e  fo llo w in g  s e c t io n s . Both horns e x h ib it  
e x c e l le n t  c ir c u la r  symmetry o f  th e main lob e.an d  very  low s id e lo b e s . These p ro p er tie s  
a r e .co n sid ered ■t o  be o f  prime importance f o r •horns u se d . in  th e ev a lu a tio n  o f  a new a e r ia l  
system . Narrow bandwidth i s  not considered  to  be a r e s t r ic t in g  fea tu re  however as the  
a e r ia l  measurements were conducted a t  a f ix ed 'freq u en cy , 1 1 .1  GHz.
4 .1  The Dual Mode Horn
The dual mode h orn . a c h ie v e s . i t s  outstanding r a d ia tio n  p r o p er tie s  through a means o f
com pensation w h ic h .u t i l iz e s  h igher order TM^° mode energy generated a t  a s te p
IPd is c o n t in u ity . in  th e ~ th ro a t o f  the horn. C arefu l ch o ice  o f  s te p  dim ensions . en ab les  
th e  TMj j °  mode energy t o  be c o n tr o l le d . and used t o  improve the E-plane r a d ia t io n  
c h a r a c te r is t ic .  .E x ce llen t c ir c u la r  symmetry r e s u lt s ;  to g eth er  w ith  h ig h ly  suppressed  
s id e lo b e s .  T houghthe main lo b e .a x ia l  sym m etry:is s e n s i t i v e t o  sm all frequency  
changes:the s id e lo b e s . i n . a l l  p lan es are suppressed below -2 0  dB over a 5^ bandwidth.
The s i z e  o f  the step  determ ines th e magnitude o f  the TM^° mode produced r e la t iv e  to  
th e  dominant TE_^° mode. The two diam eters o f  th e  s te p  are ch o sen 'to  r e s t r i c t  
propagation  o f  a l l  modes except TEj j °  t o  th e  l e f t  o f  th e step  and a l l  modes ex cep t  
TMjjj° 'to  the r ig h t  o f  the s te p .
The s id e lo b e  stru ctu re  o f  the T E jj°.and TMj j °  modes i s  such th a t  when th e y .a r e
combined in  the co rrec t paver r a t io  and phase, th e main beam in  the E -plane o f  the  
TEn °  mode i s  broadened to  bring i t  in to  l in e  w ith -th at o f  the H -plane. At th e
11 . Ib id , pp 66-95
12 POTTER P D: ’Suppressed S id elob e Horn Antenna', Invention  Report No. 3 0 -133 , (J e t
P ropulsion  Laboratory, Pasadena, C a lifo r n ia , USA), June 1902*
13 FCTTER P D: 'A New Horn Antenna w ith  Suppressed S id e lo b es and Equal Beamwidths ’ ,
Microwave J, June 1963, pp 71-78-
25
su p p ression  occurs because the two s e t s  o f  s id e lo b e s  fo r  th e two modes. in  the E-plane  
occur a t corresponding an g les and.are o f  op p osite  s ig n  and th ey  thus should can ce l i f  
combined in  th e c o rrec t amplitude and r e la t iv e  phase. .
The power r a t io  required  to  f a c i l i t a t e  the c a n c e lla t io n  i s  c a lc u la te d  from th e  
ex p ressio n s fo r  th e  r a d ia tio n  p a ttern s  in  th e  E-piane fo r  th e TEj j 0 and TMjj° modes. 
The exp ressio n  fo r  th e E -plane r a d ia tio n  p a ttern  o f  the dominant TEjj ° m ode.is g iven  
b y :-  .
Jj (k a ' s in  0)
s in  0
where fi11H ~  J k 8 -  ; K11J} .a '  =  1 s t  ro o t o f  j '  =  1 .841
. .  (4 .1 )
T . =  v o lta g e  r e f le c t io n  c o e f f ic ie n t  fo r  the TEj j °  mode.
The ex p ressio n  fo r  th e  E-plane r a d ia tio n  p a ttern  o f  th e  T M m o d e  i s  g iven  b y :-
( i +  r o  I +. cos
v ' 1 k  i + . i v K
1 - HE
Jj (k a ' s in  0)
s in
. .  (4 .2 )
k s in  0
where ( 3 ^  =  J  k8 -  a '  =  1 s t  r o o t o f  =  3 .832
T '  =  v o lta g e  r e f le c t io n  c o e f f ic ie n t  fo r  the Tl-lj^  °  mode.
These equations may be s im p lif ie d  and combined to  g ive  an ex p ressio n  fo r  the  
r a d ia t io n  p a ttern s in  th e  E-plane fo r  a s p e c if ie d  power r a t io  ( f< ) o f  TEjj °  t o  TMjj ° 
mode.energy. I f  the r e f le c t io n  c o e f f ic ie n t s  are ignored, then
Jj (k a ' s in  0)
P = 1 +
PHE
COS e  - K
1 - K11E 
k s in  0,
s in  0
. .  (4 .3 )
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in v e s t ig a te d  by s u b s t itu t in g  d if f e r e n t  v a lu es  o f  in  equation  4*3. P o tte r  found
that a va lu e  o f  (< ~  0 .653  eq u a lized  the E- and H-plane h a lf-p a v er  beamwidths and
produced th e  minimum p o ss ib le  backlobe. T h eo retica l in v e stig a tio n s ' ca rr ied  out by 
■the.'author assuming an aperture diam eter o f  1.624X, confirmed th e se  r e s u l t s .
The r e la t iv e  .amount o f  TM^° t o  TE^° mode energy produced.a t .a s te p  d is c o n t in u ity  
may be determined e m p ir ic a lly . The s ta fi dim ensions are eva lu ated  by con sid er in g  the  
mode.co n v ersio n -fo r  th e two modes a t  the d is c o n t in u ity .
As the two modes tr a v e l  w ith  d if f e r e n t  phase v e lo c i t i e s  in  th e f la r e  r e g io n  o f  th e  
horn, i t  i s  . n ecessary  to  c a lc u la te  ■ th e  d i f f e r e n t ia l  phase s h i f t  fo r  the TEjj °  . and 
TMjj° modes to  ensure th a t  th e y  both, a r r iv e  a t  the aperture w ith  t h e ir  c e n tr a l  f i e ld s  
: in  phase. I t  i s  n ot p r a c t ic a b le  to  have th e  f la r e  reg io n  im m ediately ad jacen t t o  the  
s te p .a s  t h i s  in te r fe r e s  w ith  th e  mode g en era tio n .and.a ls o  s e r io u s ly  l im i t s  th e  
• f l e x i b i l i t y  o f  th e  d es ig n . A p a r a l le l  s e c t io n  i s . introduced im m ediately a f t e r  rhe 
step .a n d  b efore  th e f la r e  s e c t io n . The len g th  o f  th e  p a r a l le l  s e c t io n  and th e  f la r e  
.angle o f  th e horn.can then  be combined w ith  the c a lc u la te d  v a lu e s  o f  d i f f e r e n t ia l  
phase s h i f t  fo r  the two modes in  th e two r e g io n s . These v a lu es  are th en  m utually  
.arranged to  g ive  th e o v e r a ll  d i f f e r e n t ia l  phase s h i f t  in  th e  two reg io n s  n ecessa ry  to  
ensure th a t th e TE^0 and TM^0 modes a rr iv e  in  the co rrect phase at. th e  .ap ertu re.
P o tter  determined em p ir ic a lly  th a t  th e  t o t a l  d i f f e r e n t ia l  phase s h i f t  in  th e  two 
s e c t io n s  should be
where n =  0 ,1 ,2
Therefore i t  i s  p o ss ib le  to  ob ta in  th e r e la t io n sh ip
+L(A<^ tan  y ) c o t  Y =  n +  .838 (4 .4 )
where I — len g th  o f  horn p a r a l le l  s e c t io n  (in ch es)
Y =  horn f la r e  h a lf  angle  L  «  of Ms ft*.** 6*ucAes)
L&Q =  d i f f e r e n t ia l  phase len g th  o f  th e  p a r a l le l  s e c t io n  (wave le n g th s /in c h )
b4>ji =  d i f f e r e n t ia l  phase len g th  o f  th e  f la r e  s e c t io n  (w a v e len g th s/ inch)
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con seq u en tly  the len gth  o f  f la r e  s e c t io n  n ecessary  to  ach ieve a s p e c if ie d  aperture  
diam eter i s  in creased  accord in g ly . N oth ing. i s  gained by d esign in g  a long p a r a l le l  
s e c t io n  and I can norm ally be chosen in  th e  range 0 .2  in  <  I <  1 in . The va lu e  o f  n 
i s  de .ermined t o  s a t i s f y  the above co n d itio n s .
The dual mode method o f .compensation a c ts  o n ly  in  the E -p la n e .and th e  main lobe  
broadening and s id e lo b e  d ep ressio n  e f f e c t s  are observed s o l e l y . i n  t h i s  p lan e . The 
TMjj ° mode, in  common w ith  a l l  TM° modes, does not e x i s t  in  th e  H-plane and i t  
fo llo w s th a t th e r a d ia tio n  in  t h i s  p lane in  th e  dual mode horn i s  id e n t ic a l  t o  th a t  
o f  the con ven tion al c o n ic a l horn having th e  same f la r e  angle and aperture d iam eter. 
The le v e l  o f  s id e lo b e s  ev id en t in  th e  E- and E -planes o f  a dominant mode, c o n ic a l  
horn are dependent o n ■th e  horn f l a r e .a n g le .
The magnitude o f  th e  s id e lo b e s  in  th e H-plane are however lower • th a n ' th o s e : in  th e  
E-plane due t o  the la r g e r .aperture f i e l d  ta p er .
The ex p ressio n  fo r  th e  d ir e c t io n a l r a d ia t io n  p a tte r n : in  th e H-plane o f  th e  TE^° mode.
i s  given by
( 1 + T ) +  cos
J j 7(ka s in  0)
k s in  G}51 -
K■11H
  (4 .5 )
P o tte r ^  has suggested  th a t th e s id e lo b e - le v e l  in  the H-plane cou ld  be reduced by 
employing the TE^° mode and Ludwig'*5 has ca rr ied  out an experim ental in v e s t ig a t io n .  
This mode has.n o  e f f e c t  on the E -plane r a d ia tio n  but d isp la y s  s id e lo b e  fe a tu r e s  which 
correspond to  th ose o f  the dominant mode in  th e H-plane and cou ld  - th e r e fo r e  be used  
to  reduce the s id e lo b e  le v e l  in  t h i s  p lan e. The TE^0 mode, being  a x ia lly .a sy m m etr ic , 
could be generated by means o f  a second s te p  d is c o n t in u ity  in  th e  horn th ro a t but the
14 Ib id , P 74. ■
15 LUDWIG A C: 'R adiation  P attern  S y n th esis  fo r  C ircu lar Aperture Horn A ntennas',
IEEE Trans. Antennas Propagation, J u ly  1936, v o l  AP-14, (4 ) ,  pp n34-440.
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d i f f e r e n t ia l  phase s h i f t s  to  be s a t i s f i e d  fo r  the th ree  inodes e x is t in g  in  the f la r e  
s e c t io n . Good dual mode horn r e s u l t s ,  as fa r  as the E-plane main lob e shape i s  
concerned, are lim ite d  to  sm all f la r e  an g les ie  below about 8 ° , and v/ith t h i s  
r e s t i  -c tio n  the H-plane s id e lo b e s  are very  low anyway. This would tend  t o  in d ic a te  
th a t the improvement. in  performance to  be gained by reducing th e  H-plane s id e lo b e  
l e v e l  by employing th e  TE^° mode, . i s t o o  sm all t o  j u s t i f y ' t h e  complex d es ig n  
;in vo lved .
The dual mode horn.used in  the experim ental program g iv e s  optimum perform ance.at
1 1 .1  GHz. At a frequency o f  1 1 .1  GHz th e two diam eters o f  th e  s te p  req u ired  to  
produce th e  d es ired  con version  o f  . energy are 1 .081  in  and 1 .384  in . With, a 6 in  
diam eter aperture . and. a horn f la r e  h a lf -a n g le  o f  7 ° , A4>0 — 0 .5114 . and 
A4>g tan  y  =  0 .1988 . S u b stitu tin g  th ese  v a lu es  in  equation  4 .4  en ab les I and n t o  
be found. This com pletes th e  d esig n  o f  th e horn, the dim ensions o f  which are shown 
in  P ig . 4 .1  (b ).
P ig . 4 .1  (b ) . a ls o  shows th e  method o f  co n stru c tio n  employed. To f a c i l i t a t e  manu­
fa ctu re  th e horn th roat was machined from b rass in  two s e c t io n s . One s e c t io n  was 
recessed  so  t h a t 'the c o n ic a l horn f la r e ,  which was fa b r ica ted  from 20  SWG b rass  
s h e e t , lo c a te s  a ccu ra te ly  w ith  the p a r a l le l  mode-phasing reg io n . The o th er  s e c t io n  
con ta in s th e thread which provides a means o f  lo c a t io n  w ith  th e  rec ta n g u la r  to  
c ir c u la r  waveguide transform er. The horn a p er tu re . i s  strengthened  by means o f  a 
c ir c u la r  \  in  th ic k  brass fla n g e .
The E- and H-plane r a d ia tio n  p a ttern s obtained  w ith  t h is  horn are shown in  P ig . 4 .2 .  
The E- and H-plane r a d ia tio n  p attern s are v ir t u a l ly  id e n t ic a l  to  a l e v e l  o f  -2 2  dB 
r e la t iv e  to  the main lobe maximum which in d ic a te s  good main lob e a x ia l  symmetry. 
P r a c t ic a lly  no s id e lo b e s  are apparent in  th e  E-plane above -3 8  dB or in  th e  H-plane 
above -3 5  dB other than th e  f i r s t  s id e lo b e  in  th e  H-plane which appears as a 
shoulder on th e  main lobe a t  -22  dB. The p a ttern s in d ic a te  th a t th e  horn should
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•beamwidth i s  23° which agrees w e ll  -with the beamwidth ca lcu la ted  using eq u ation  3.1Q« 
The E- and H-plane r a d ia tio n  p a ttern s o f  the horn were a ls o  measured w ith ‘th e range 
illu m in a tin g  aperture p o s it io n e d  40 in  from th e horn. The r a d ia t io n  p a ttern s shown 
in  P ig . 4 .4  i l l u s t r a t e •th a t  th e -1 0  dB beamwidth in crea ses  s l i g h t l y  to  27° in  the  
H-plane and 2 8 .5 °  in  the E -p lane.
4 .2  The D iagonal Horn
The d iagon a l h orn ^  produces a r a d ia tio n  p a ttern  having equal main lobe beamwidths 
and suppressed s id e lo b e s  w ithout in v o lv in g  th e gen eration  o f  h igher order mode energy. 
The horn , i s  consequently  capable o f  a wide band performance. The p r in c ip le  employed 
i s  th a t  a horn o f  square cro ss  s e c t io n  i s  e x c ite d  w ith  a wave p o la r iz e d  such th a t  
th e  e l e c t r i c  v e c to r  i s  p a r a l le l  t o  one o f  the d ia g o n a ls . The:e x p ressio n s fo r  the  
. e l e c t r ic  f i e l d  am plitude in  the fa r  f i e l d  are id e n t ic a l  fo r  both p r in c ip a l p la n es .
Tne performance o f  s e v e r a l .experim ental d iagon a l horns operating a t  v a r io u s frequen­
c ie s  were in v e s t ig a te d  by the author. I n i t i a l l y  i t  was intended t o  u t i l i z e  th e  wide 
band performance o f  th e  horn in  order to  o b ta in  se v e r a l f i e l d  ta p ers a t  th e  edge o f  
•the su b ref le c t o r s .  However th e  change in  frequency required  t o  g iv e  a s ig n i f ic a n t  
change in  main lobe beamwidth a t  . a l e v e l  about -1 0  dB r e la t iv e  t o  th e horn maximum was 
found to  be to o  la rg e  t o  be p r a c tic a b le .
P ig . 4 .1  (c )  i l lu s t r a t e s  a horn w ith .a  dim ension o f  8 in  across d ia g o n a ls . This horn 
p rovid es , a sharper f i e l d  taper than th e 6 in  diam eter dual mode horn but th e  two horns 
are o f  comparable len g th .
P ig . 4 . 3 - i l lu s t r a t e s ' t h a t ,  e x c e lle n t  main lob e a x ia l  symmetry i s  p o s s ib le  w ith  t h i s  
d esig n  and th a t the -1 0  dB beamwidth a t  1 1 .1  GHz i s  20°» At freq u en c ies  o f  1 0 .6  GHz. 
and 1 1 .6  GHz, the extrem es o f  the k ly str o n  tun ing range, the beamwidths a t  -1 0  dB are - 
2 0 .5 °  and 1 9 .5 °  r e s p e c t iv e ly . Because o f  the in s ig n if ic a n t  change in  beamwidth - th e
16 LOVE A W: rThe D iagonal Horn Antenna’ , Microwave J , March 1982, pp 117-122®
about -1 4  dB a t +  12°.
The co n stru ctio n  o f  the d iagon al horn p resented  problems because com plicated  wave­
guide ; transform ers are required  to  produce th e requ ired  mode e x c ita t io n  in  th e  
th ro a t o f  the horn. In p a r tic u la r  the fa b r ic a t io n  o f  the transform er from c ir c u la r  
t o  square cro ss  s e c t io n  was found t o  be d i f f i c u l t  and th is  stim u la ted  th e  a u th o r 'to  
d e v e lo p ,a n .a lte r n a tiv e  method o f  manufacturer A,method was developed w hich .enabled  
experim ental waveguide tap ers and transform ers to  be made quicker, cheaper and 
e a s ie r  than.any o f  th e methods a v a ila b le  a t th a t tim e eg machining, fa b r ic a t io n , 
e lectro fo rm in g , m etal spraying .and waveguide e x tr u s io n . The, p r in c ip le  o f  the method 
;em ployed. i s ■th a t a m etal mandrel, having outer dim ensions the same as t h e . inner  
dim ensions o f  the required  waveguide transform er, . i s .u s e d .a s .a  former.upon which 
copper w ir e . i s  c lo s e ly  wound, th en  so ld ered . Removal o f  th e mandrel le a v e s  the  
so ld ered  copper w ire in  the shape o f  the former, th e  in s id e  su rface  o f  th e copper 
w ire rep resen tin g  th e d es ired  shape o f  th e  in s id e  su rfa ce  o f  the waveguide tra n s­
former. A d d ition a l m echanical stren g th  i s  provided by moulding f ib r e g la s s  around .; 
-the component t o  com p lete ly  encom pass:the so ld ered  w ire .
Aluminium. a l lo y  was found t o  be the b e s t  mandrel m a ter ia l as th e  so ld e r  d o e s . n ot 
adhere to  th is  m eta l. Easy removal o f  th e  mandrel a f te r  the so ld er in g  p ro cess  i s  
v i t a l .and t h i s . i s  a s s is t e d  by making the mandrel, in  th ree  p a r ts .
f "  ' ‘
The wire-wound waveguide technique i s  v ery  su c c e s s fu l  and. i t  was used t o  produce both  
th e rectan gu lar  t o  c ir c u la r  transform er and the c ir c u la r  t o  square transform er used  
w ith  the 8 . in  d ia g o n a l. horn.
4 .3  The C o-ax ia l Feed . . . . . .
In order to  compare the performance o f  th e C assegrain  feed  system s w ith  the  
c e n tr e -fe d  a e r ia l  co n fig u ra tio n  i t  i s  n ecessa ry  to  s e t  up a su ita b le  feed  a t th e  
prim e-focus o f  the parabolo id . The feed  se le c te d  fo r  the c e n tr e -fe d  a e r ia l  d es ig n  
was a sca led  v e r s io n  o f  the flan ged  c o -a x ia l  aperture used to  illu m in a te  th e  85 f t
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17s a t e l l i t e .  The G oonhilly  feed  rece iv ed  s ig n a ls  a t 4180 MHz through a 2 in  by 
1 ,2 6 5  in  a m u la r  aperture and tran sm itted  s ig n a ls  a t  G.301 1-SKz through a 1 .2 5  in  
diam eter c ir c u la r  aperture.
F ig . 4 .1  (a) shows th e  model feed  sca led  in  dim ensions fo r .u se  a t  1 1 .1  GHz. The 
c ir c u la r . aperture i s : blanked o f f  \ . in  behind the aperture as t h i s  serv es  t o  sim ulate  
th e  e f f e c t  o f  th e f u l l  s c a le  feed  tran sm it aperture. The flan ge .an d  matching i r i s  
are included  as th ey  both con tr ib u te  to  the improvement:in  th e  r a d ia t io n  p attern .
The-E- ard H-plane r a d ia tio n  p a ttern s  o f  the model feed  m easured.at 1 1 .1  GHz are 
shown in  F ig s . l .a n d  2 on Drawing RES 40904 Sh. 1 .
A c e n tr e -fe d  primary feed  o f  th e  type d e s c r ib e d .is  very  e f f i c i e n t  and i t . i s  a good 
example to  use a s .a b a s is  fo r  comparison w ith  th e  con ven tion a l sym m etrical C assegrain  
d esig n  and o f f s e t - f e d  C assegrain  d esig n .
17 RAVENSCRQFT I A, MGRSE A G D : 'D esign Consider a t ions fo r  a Centre-Fed P a rab o lo id a l
,and KNOX D M A e r ia l System fo r  a Satellite-C om m u n ication  Earth
S ta tio n , Part b, D esign o f  the Primary F eed ', I n s t .  
E le c t . Engrs. Conf. Pub. No. 21 , June 1986, pp 349-357,
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F I G . 4 . 1  PRIME—FOCUS FEED AND CASSEGRAIN FEED HORNS
( a )  CO-AXIAL FEED
( b )  6 INCH DIAMETER DUAL MODE HORN
( c )  8 INCH DIAGONAL HORN
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FIG.4.2 6 INCH DIAMETER DUAL MQDE HORN 
E-AMD H-PLANE RADIATION PATTERNS 
FREQUENCY 11.1 GHz
FIG.4.3 8 INCH DIAGONAL HORN
E-AND H-PLANE RADIATION PATTERNS 
FREQUENCY 11.1 GHz
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FIG.4.4 FEED HORN RADIATION CHARACTERISTICS 
CURVE A 6 INCH DI A.DUAL MODE HORN E-PLANE NEAR FIELD RADIATION PATTERN
CURVE B 6 INCH DI A.DUAL MODE HORN H-PLANE NEAR FIELD RADIATION PATTERN
CURVE C 6 INCH DIA.DUAL MODE HORN H-PLANE FAR FIELD RADIATION PATTERN
CURVE D 6 INCH DIA.DUAL MODE HORN E-PLANE FAR FIELD RADIATION PATTERN .
CURVE E 8 INCH DIAGONAL HORN E-AND H-PLANES FAR FI ELD RADI AT I ON /ATTERN
CURVE F 8 INCH DIAGONAL HORN E-AND H-PLANES NEAR FIELD RADIATION PATTERN
5 .1  Symmetrical C assegrain S u b reflec to r
I t  has been shewn in  Chapter 4 th a t the r a d ia tio n  p a ttern s o f  the feed  horns are 
c ir c u la r ly  sym m etrical over th a t part o f  the main lobe in tercep ted  by the su b r e fle c to r .  
The su b r e fle c to r  periphery subtends an angle o f  approxim ately 24° a t the phase cen tre  
o f  th e horn. .
F ig . 5 .5  i l lu s t r a t e s  t h a t . i t  i s  p o s s ib le •to  rep resen t ~the H-plane r a d ia tio n  p a ttern  
o f  th e horn by means o f  . a bar graph. The angular v/idth o f  th e  bars i s  en larged  to  
i l lu s t r a t e  the p r in c ip le . In p r a c tic e  the bar w idth i s  reduced so  th a t  th e  bar graph 
c lo s e ly  approxim ates•the o r ig in a l  curve.
The fa c t  th a t the rad ia ted  e n e r g y .is  d is tr ib u te d  sym m etrica lly  about the horn a x is  
;a l lo w s :a •th ree  d im ensional bar graph to  be drawn. T h is . i s  c ir c u la r ly  sym m etrical 
w ith  r e sp e c t - t o •th e horn .a x is  s o . i t ;i s  p o s s ib le ■to  r e p r e se n t•th e  ra d ia ted  energy in  
■ s u c c e s s iv e .annular s t r ip s .  . I f •th e graph i s  p lo tte d  on p o la r  co -o rd in a tes  as shown in  
F ig . 5 .6  (a ) i t  is .e v id e n t - t h a t ' t h e  ra d ia ted  energy i s  d is tr ib u te d  in  con es. The 
. a x is  o f  each co n e: i s  c o in c id en t w ith  - the horr.. a x is  so  - t h a t : e a c h . cone d e f in e s : a 
separate s o lid .a n g le  o f  ra d ia ted  energy.
. I f  i s  "i/he t o t a l  power tran sm itted  by the horn the t o t a l  power ra d ia ted  w ith in  a 
s o l id  angle 2 \ji i s  g iven  by
(5 .1 )
o
0
In a d d itio n  th e feed  r a d ia tio n  p a t te r n .is  g iven  by
G/ (0 ) =  G0 [g (5 .2 )
where G0 =■ th e gain  o f  the feed
g — th e  norm alized power r a d ia tio n  p a ttern  o f  the feed ,
which i s  assumed to  be c ir c u la r ly  sym m etrical.
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power ra d ia ted  w ith in  the angular aperture o f  the paraboloid  i s  g iven  by
m
s in  4>d<£ (5 .3 )
where \|i =  h a l f  aperture angle  
C =  constant
For th e  r a d ia t io n  from the horn th e  t o t a l  power ra d ia ted  w ith in  th e s o l id  angle  
d efin ed  by th e su b r e fle c to r  p er ip h ery ' i s  g iven  by
V/'
g^(0) s in  0 d 0 (5 .4 )
where 2^ ' =  t o t a l  angle subtended by the periphery  o f  the s u b r e f le c to r  a t  
• th e horn phase c e n tr e . 
g.; (0 ) =  th e  norm alized power r a d ia tio n  p a ttern  from th e horn, which i s
J
assum ed-to be c ir c u la r ly  sym m etrical.
I f  no power i s  l o s t  on r e f le c t io n  or in  d i f f r a c t io n  a t  - the su rface  o f  th e  
s u b r e f le c to r , then:by the law o f  co n serv a tio n  o f  energy equations 5 .3  and 5 .4  are  
eq u iv a len t and
g^(<£) s in  <j>&4>
Y
g^.(0) s in  0 d 0 (5 .5 )
The in te g r a ls  o f  equation  5 .5  are eva lu ated  n um erica lly  by con sid er in g  th e  horn and 
su b r e fle c to r  r a d ia tio n  p attern s to  be composed o f  su c c e ss iv e  cones o f  energy . The 
horn r a d ia tio n  p a ttern  i s  d iv id ed  in to  narrow annular s t r ip s .  I t  i s  con ven ien t t o  
. assume ‘t h a t ■th e power w ith in  each ,annular s t r ip  i s  ra d ia ted  a t  th e  an g le  correspond­
ing to  th e cen tre  o f  the s t r ip .  The norm alized power a c tin g  in  each s t r ip  i s  
obtained  from th e mean o rd in a te s , which can be measured. I t  i s  th en  p o s s ib le  t o  
con sid er  su c c e ss iv e  annular elem ents in  turn and s in c e  th e r e la t io n s h ip  between 0 and 
0 , and consequently  ^ and Y >  can be found i t  i s  p o ss ib le  to  eva lu a te  v a lu e s  fo r  
gyr(^) in  terms o f  the corresponding v a lu e s  o f  g ^ (0 ).
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d escr ib ed  in  Chapter 3. R eferring  t o  P ig . 5 .3  i t  i s  p o ss ib le  to  express the  
r e f le c te d  angle <f> in  te n ts  o f  the in c id en t angle 0 by so lv in g  the fo llo w in g  
equations
Prom th e  equation  o f  the hyperbola
y  =  ^  J x /2  +  2 ax '....................................................................................... (5 .6 )
where x f — x  -  c  . . . . . .  (5 .7 )
Prom tr ia n g le  PPR, P ig . 5 .3  (b)
y  =  ( # ' . + s ) ‘ta n  0 ............  (5 .8 )
where s  =  c .+ ..a  ............  (5 .9 )
Prom tr ia n g le  F'ER, P ig . 5 .3  (b)
y  =  [  (c -  a ) -  x ' ]  ta n  4> ............  (5 .1 0 )
Using equations 5 . 6 . and 5 .8  i t : i s  p o s s ib le  to  e lim in a te  y ,an d .ex p ress  x r . in  terras o f  
0. This y ie ld s  the ex p ressio n
' 2
_ s t5 -  —  ±  -  /  b5 -f s^ t2 -  2 s t 2a /  a a V
x '  -  —--------------------:......................................................................    (5 .1 1 )
i X b2 
" ; ?
where - t  — ta n  0
The va lu e  o f  x '  can be su b s t itu te d  in  equation  5 .8  t o  g ive  y. and th e v a lu e  o f  y  can  
be s u b s t itu te d . in  equation  5 .1 0  to  g iv e  the d es ired  ex p ressio n  y ie ld in g  $  in  term s. 
o f  0.
[x '  4- s ) ta n  (=  tan“^   (5 .1 2 )( c - a )  -  x '
The r e la t io n sh ip  between 0 and 4> i s  i l lu s t r a t e d  in  P ig . 5 ,4  and Table 5 .1  g iv e s  v a lu es  
o f  0 and <t> fo r  <£ in  th e range 1° to  12° fo r  th e  p a r tic u la r  case o f  th e sym m etrical 
su b r e fle c to r  used in  the experim ental program.
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6 (Degrees) $  (D egrees) 0 (D egrees) $  (D egrees)
0 0 7 4 7 .0 7
1 7 .11 8 52 .95
2 1 4 .1 7 9 58 .54
3 21 .13 10 63.85
4 27 .93 11 68 .8 8
5 3 4 .5 6 12 73 .63
6 40 .94
Let th e  norm alized power a c tin g  w ith in •th e  f i r s t .annular s t r ip  o f -th e horn  
r a d ia t io n  p a ttern  be g iven  by g^(0j 2 ) and th e  norm alized power .a c tin g  w ith in  th e  
corresponding f ir s t ,a n n u la r  s t r ip  o f  the su b r e fle c to r  r a d ia t io n  pattern ; be g iv en  by 
& f^ l,2  Then-the power ra d ia ted  w ith in  the f i r s t  annular s t r ip  o f  th e  horn  
r a d ia tio n  p a ttern  i s  g iven  by
■IB s in  $ 2 , 2 (5 .1 3 )
where 2$j .and 2$8 are t h e •t o t a l  an g les subtended b y •th e  p eriphery  o f ■th e 1 s t . annular  
s t r ip  a t 'the horn fo cu s, F,and where
’1 , 2
61 +  $2
The power ra d ia ted  w ith in  the f i r s t  annular s t r ip  o f  the su b r e fle c to r  r a d ia t io n  
p a ttern  i s  g iven  by
F1S ~  1 ,2 ) ;in  $2 , 2  d(j5> (5 .1 4 )
where 2^ _| and 2$s  are the t o t a l  an g les subtended by th e periphery o f  th e  1 s t  annular  
s t r ip  a t the su b r e fle e to r  focus F / , and where
1 , 2
*1 +  *2
38
r * a
I s “  ^ , 2  d4, 
J *1
Therefore
,2 )
w
s in  0j 2  d0
ci
r *
s in  d4>
1 h
(5 .1 5 )
(5 .1 6 )
cos cos
\ COS 4>1 -  COS /
A g e n e r a l:exp ression  r e la t in g  the in c id e n t and r e f le c te d  power r a d ia te d .in  
corresponding annular s t r ip s  may be obtained
  (5 .1 7 )
. ' , / COS - cos 0„ \
g f f a n . n )  =  ( --------- 7 ----------------7 " )J ■ \  cos <Pn -  cos 4>n )
  (5 .1 8 )
where +rm,n
■+ 0 n
m,n
As expected  the in te g r a l terms o f  eq u ation  5 .1 6  can be r e la te d  t o  the su rface  areas  
" \ ■ 
describ ed  by th e  r e sp e c tiv e  a n n u li on u n it  spheres centred  on th e phase cen tre  o f  th e
horn ( ie  th e r e a l  focus F o f  th e  su b r e f le c to r )  and th e v ir t u a l  focu s F ' o f  th e
su b r e f le c to r .
The s u r fa c e .area, S0 , o f  a cap o f  . a sphere o f  u n it  r a d iu s . i s  g iven  by
S0 =  27lh0  ------ (5 .1 9 )
where hQ =  th e h e ig h t o f  the cap o f  a sp h ere.
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con ta in in g  energy rad ia ted  by the horn i s  g iven  by
fh =  27T(h  ^ -  hj ) .............. (5 .2 0 )
where hj =  th e h e ig h t o f  the upper cap o f  a u n it  sphere w ith  cen tre  F
h2  =  th e h e ig h t o f  th e lower cap o f  a u n it  sphere w ith  cen tre  F
But fo r ,a  u n it  sphere hj =  (1 -  cos 6j ) . . . . . .  (5 .2 1 )
and ' . hg =  (1 -  cos 0^) .............. (5 .2 2 )
where 0j and 62 are the an g les subtended by the periphei’y  o f  the f i r s t  annular s t r ip  
a t
Therefore su b s t itu t in g  equations 5 .2 1  and 5 .2 2  in  equation  5 .2 0
=  27l(cos Qj -  cos Q2 ) '............  (5 .2 3 )
S im ila r ly
Sr  =  27l(cos <£, -  cos <f>2 ) .............  (5 .2 4 )
where 4>± and <f>2 are the an g les subtended by the periphery o f  th e f i r s t  annular s t r ip  
o f  r e f le c te d  energy a t  F ' , .and where Sr i s  th e su rface  area d escr ib ed  on th e  u n it  
sphere w i’h cen tre  F ' by an.annular s t r ip  con ta in in g  energy r e f le c te d  from th e  
su b r e f le c to r .
o) COS 0. - COS Or,
Then '  {  =  --------       (5 .2 5 )
cos <f>2 — cos <+>2
which agrees w ith  equation 5 .1 7
In p r a c tic e  i t  . i s  d es ira b le  to  ev a lu a te  the v a lu es  o f  g^(0m n ) a t  in te r v a ls  o f  l e s s  
than 1 ° . A grap h ica l method o f  determ ining • th e  mean ord in a tes  o f  th e angular s t r ip s  
i s  im p ra ctica l but as good agreement e x i s t s  betw een-the measured r a d ia t io n  p a tte r n  
fo r  th e dual mode horn and the th e o r e t ic a l  ex p ressio n  fo r  the r e la t iv e  power in  th e  
H-plane r a d ia t io n  p a ttern  fo r  a c ir c u la r  aperture e x c ite d  in  the IEjj °  mode i t  i s  
conven ient • t o  eva lu a te  t i e  va lu es o f  gy (0fl/n ) th e o r e t ic a l ly .
JiiH -f cos nsn
r
J, ^(ka s in  0 )1 \ ■ m,n'
/ k s in m,n
K■UH
. .  (5 .2 6 )
Equation 5 .2 6  i s  so lv e d .u s in g  the computer program g iven  in  Appendix IV. A s u ita b le  
w idth fo r  each s t r i p . i s  0 . 1°  and s in c e  . i t . ca n , b e . assumed: th a t th e  paver w ith in  each  
s t r ip  is .r a d ia te d  at"the angle corresponding to  th e  cen tre  o f  th e  s t r ip ,  equation  
5 .2 6  i s  eva lu ated  fo r  v a lu es  o f  0r^ n . in  -the range 0 .0 5 °  to  1 6 .0 5 ° .
The .va lu es o f  gy(0m>n) may be combined w ith  the inform ation r e la t in g  0 and 4> g iven  in  
equation  5.12 t o  y ie ld  a general: ex p ression  r e la t in g  the in c id en t and r e f le c te d  power 
in  any d ir e c t io n .
cos 0m -  cos Qn
cos tan-1
(%'+  s )  ta n  00 
( c - a )  -  x '
cos tan-1
(a/4- s )  ta n  0n 
(c  -  a) -  x '
(5 .2 7 )
Equation 5.2'7 i s  so lv ed  using  the computer program g iv e n .in  Appendix I I I .  The 
computer y ie ld s  the power , in  th e  r e f le c te d  annular s t r ip s  r e la t iv e  to  th e  maximum o f  
the horn r a d ia tio n  p a ttern . The v a lu es o f  g^( 4>n n ) are p r in ted  out a t  r e la t iv e  1 ^vels  
in  dB a lon gsid e  th e  corresponding v a lu es  o f  4>n - Thec(rdw//ig in  P ig . 5 .6  (b) i l lu s t r a t e s  
th a t  th e rerad ia ted  energy i s  d is t r ib u te d :in  sym m etrical cones w ith  th e  a x is  o f  each  
co in c id en t w ith  th e  hyperboloid  a x is .
A bar graph which i s  sym m etrical about the hyperboloid  a x is  can be drawn from th e  
tab u la ted  r e s u l t s .  The an gles d e fin e  th e boundaries o f  su c c e ss iv e  annular s t r ip s  and 
th e corresponding v a lu es o f  g iv e  th e h e ig h t o f  th e ord in a tes  o f  th e  bar graph.
The e f f e c t  o f  reducing the in te r v a l  between su c c e ss iv e  v a lu es  o f  0n n t o  0 .1 °  produces 
a bar graph which approximates a smooth curve.
The process o f  o f f s e t t in g  the horn a x is  from the hyperboloid a x is  does n ot change 
the horn energy d is tr ib u t io n  and th e  r a d ia tio n  p a ttern  can be d iv id ed  in to  narrow 
s t r ip s  a s .b e fo re  w ith  each s t r ip  forming p art o f  an annular s t r ip .  The boundary o f  
each annular s t r ip  d e f in e s .a ccne having i t s  apex a t  - the phase cen tre o f •th e  horn 
and th e .a x is  o f  each .cone is .c o in c id e n t .w ith  th e h o r n .a x is . However th e  r e f le c te d  
energy from the su b r e fle c to r  i s  n ot rad ia ted  in  p e r fe c t  annular s t r i p s .b eca u se■the . 
m axim um .intensity o f  the horn is .n o  lon ger d ir e c te d .a lo n g  th e  s u b r e f le c to r ;a x is .
The boundaries o f  the annular s t r ip s  a ls o  change but as th e  d e v ia t io n  from p e r fe c t  
c i r c l e s . i s . s l ig h t  fo r  sm a ll horn o f f s e t s  (< 6 °) i t  i s  assumed■th a t  th e  boundaries 
remain s u b s ta n t ia lly  c ir c u la r . This assum ption i s . j u s t i f i e d .by experim ents t h a t .are 
describ ed  in  S ec tio n  7 .3 .  The boundary o f  each ,annular s t r ip  o f  r e f le c te d  energy  
d e f in e s :a cone w ith  i t s  ap ex .a t •the v ir t u a l  fpcus o f  th e s u b r e f le c t o r ,■however 
su c c e ss iv e  cones do not have common.axes and consequently  th e .an n u lar  s t r ip s  are n ot 
co n cen tr ic . This i s : i l l u s t r a t e d  diagram m atically in  F ig . 5 .9  (b ).
S in ce th e  powers ra d ia ted  b y 'th e  horn and the su b r e fle c to r  are r e la te d , in  th e  r a t io  
o f  the su rface  areas d escrib ed  o n :u n it  spheres b y -th e corresponding annular strd  ps, 
i t  i s  p o ss ib le  t o  bring the axes o f  th e  in c id en t and r e f le c te d  canes in to  co in c id en ce  
.and to  perform the c a lc u la t io n s  a s . in  th e sym m etrical case .
The power in  each r e f le c te d  annular s t r ip  i s .assumed - to  be c o n s ta n t .and fo r  th e  
purposes o f  th e  c a lc u la t io n  i t  i s ,  assumed th a t th e  power i s  ra d ia ted  a t th e  angle  
corresponding to  the cen tre  o f  the annular s t r ip .
These assum ptions are j u s t i f i e d  provided s u ita b le  com pensations. are in troduced at th e  
sta g e  when the bar graph i s  drawn from the computed r e s u l t s .
P ig . 5 .7  i l lu s t r a t e s  diagram m atically  the ray path geometry in  the " o f fs e t  plane" fo r  
the case o f  th e horn o f f s e t  from the hyperboloid  a x is  by 3 ° .
in s  i  ouAaiiCU Xii 01K5 . JL ATS 1/ ciiinujLUiS Ui Wie iJUril piilitSril IS GiJUSi T/O
rad ia ted  in  the f-i^st annulus o f  th e  r e f le c te d  p a ttern  and fo r  the p a r t ic u la r  case  
o f  the horn o f f s e t  by 3°
Pa (3)
$ 0 1 , 2  U) )
(3)
**“ =  $ 0 1 , 2 )
(31
s in Jl,2 . . .  (5 .2 8 )
Therefore
COS 0j - cos 9^
0 7(3) A, (-  COS
. . .  (5 .2 9 )
where
fs; <p u -< p2 (3)
~  o ; ^
1,2
rs; ( <t>5 -  4>j) +  (<t>u -  <t>2)
=  tan-1
(2/  +  s ) ta n  0 
(c  -  a) -  x '
=  tan-1
(x / +  s ) tan  05 
(c  -  a) -  x '
A general ex p ressio n  r e la t in g  the in c id e n t and r e f le c te d  power in  corresponding  
annular s t r ip s  fo r  a g iven  horn o f f s e t .a n g le  can then  be obtained .
cos $n -  cos <£n
. . .  (5 .3 0 )
where 9m n =  the angle between the horn a x is  , and the cen tre  o f  th e m th  annular 
s t r ip .
r  =  the number o f  angular s t r ip s  between th e horn a x is .a n d  th e  
hyperboloid  a x is .
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, (r) $m. + r ~ $r — n
q>% -  -  —
(r )  $ n + r  ~ $ r - n<p —-- --------- ----------
11 2
' ( r )  _  i$n + r  ~ $r--.n) (fro+r ~ $ r - v i )
% , n  : ~  : : ~  ~ 4  : ~
* r - »  =  ~ K - r  i f m > v  
$ r - n  =  ” ^n~ r  i f  n > -
(x /  +  s ) tan  0n 
(c  -  a) -  x '
The power in  th e  r e f le c te d  annular s t r ip s  - i s  eva lu ated  by so lv in g  eq u ation  5 .3 0  u sin g  , 
th e computer program g iv e n .in  Appendix I I I .  The computed v a lu es  o f  £ j ( * n , n r > ) 
p rin ted  out a lon gsid e  th e corresponding p a ir s  o f ;a n g le s . in  the " o f f s e t  plane" as 
shown, in  Table 5 .2  fo r  th e  p a r tic u la r  ca se  o f  the horn o f f s e t ,  by 3 ° .
TABLE 5 .2  LAYOUT OF COMPUTER RESUKTS ■"
Gain fu n ctio n  ord in ates
Annular s t r ip  boundaries 
m th e  " o f fs e t  plane"
$if ~ $3 $3 -  $2
^ 1 , 2 (3>) $5 ~ $3 $3 “ $1
1
h  ~ *3 
1
*3
1
1
1
1
1
$ r  +n ~ $r 'si11
A bar graph can be drawn from the tab u lated  r e s u lt s  as shown in  P ig . 5 .8 .  The p a ir s  
o f  an g les in d ic a te  the boundaries in  the " o f fs e t  plane" o f  su c c e ss iv e  annular s t r ip s  
and the corresponding v a lu es o f  gy:(<^ft ^  ) g iv e  th e h e ig h t o f  th e  o rd in a tes  o f  the  
bar graph.
$n =  tan" J
The'computer programs used to  p r e d ic t  the su b r e fle c to r  r a d ia tio n  p a ttern s  are g iven  
in  th e Appendices.
The GEIS A lg o l program which ev a lu a tes  equation (5 .3 0 ) and g iv es  the th e o r e t ic a l  
r a d ia tio n  p a ttern  fo r  a s p e c if ie d  su b r e fle c to r  and feed  horn i s  g iven  in  Appendix I I I .  
'The con sta n ts  a , b and c d e fin in g  th e  shape o f  the h yp erb olic  su b r e f le c to r  p r o f i le  
are read in  as data • to g eth er  w ith  th e h o rn /su b re flec to r  sep a ra tio n  d is ta n c e , the  
’ feed  horn o f f s e t  angle and.a number s p e c ify in g 'th e  horn r a d ia tio n  p a ttern  sam ples.
The number o f  samples i s  g e n e r a lly  160 ie  16 degrees a t  0 .1  degree in te r v a ls .  The 
horn r a d ia tio n  p a ttern  sam ples are contained w ith in  th e  program in . b lo ck  302 to  
334. The program i s  f l e x ib le  in 'th a t  t h is  data  can be changed.by in s e r t in g  a new 
data tape fo r  the b lock  302 to  334. The computer p r in to u t p resen ts  th e r e s u l t s  in  
tab u lar  form w ith  the f i e l d  s tren g th  p r in ted  out a lon gsid e  two a n g le s . These an g les ; 
r e p r e se n t 'the boundary o f  the corresponding f i e l d  stren g th  contour in  th e  " o f fs e t  
plane" and are measured on e ith e r  s id e  o f ' th e  ray which d e fin e s  th e d ir e c t io n  o f  
maximum in te n s i ty .  The a n g le s : in  the righthand column correspond to  th e  s id e  o f  th e  
measured p a ttern  c o n ta in in g •th e hyperboloid  a x is .  An i n i t i a l  p r in to u t in d ic a te s  the  
horn o f f s e t  an gle .an d  the a sso c ia te d  angle between th e hyperboloid  a x is ,a n d  th e  
d ir e c t io n  o f  maximum r e f le c te d  in te n s ity .
The E l l i o t t  Autocode program which ev a lu a tes  equation  (4 .5 )  and g iv e s  th e th e or e + ic a l  
H-plane r a d ia t io n  p a ttern  fo r  th e TEjj° mode i s  g iven in  Appendix TV. The frequency  
o f  o s c i l la t io n ,  th e aperture diam eter and th e  angular range over which the  
com putations are to  be performed are read in  as d ata . The f i e l d  s tr e n g th  i s  p r in ted  
out a lon gsid e  th e corresponding angle o f f  a x is  a t  0 .1 °  in te r v a ls  in  th e  range 0 .0 5 °  
t o  1 6 .0 5 ° .
Good agreement between th e  th e o r e t ic a l  and the measured H-plane r a d ia t io n  p a ttern s  i s  
required  s in c e  t h i s  en ab les th e f i e ld  stren g th s obta ined  from the E l l i o t t  computer 
t o  be used as input data fo r  the GEIS computer.
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5 .4  Comparison o f  Calculated, and measured K aaiation  p attern s
The computed and measured H-plane r a d ia tio n  p a ttern s are in  good agreement in  the  
f a r - f i e ld  o f  both horns. In the n e a r - f ie ld  i t  is .n e c e s s a r y  to  b u ild  up th e  input 
data fo r  th e GEIS computer by s e le c t in g  sep arate reg ion s from E l l i o t t  computer 
r e s u lt s  fo r  se v e r a l d if f e r e n t  aperture d iam eters and then combining th e  r e s u l t s .
This technique en ab les e x c e l l e n t .agreement -t o  be obtained ov er 'th e  reg io n  0° ±  1 6°. 
Pour A lg o l data ta p es fo r  the b lock  3CP to  334 en a b le 'th e  in form ation  fo r  th e  
n e a r - f ie ld  and f a r - f i e l d  o f  the two horns to ;b e  fed  in to  the computer program given  
in  Appendix I I I .
Computer r e s u lt s  were obtained w ith  each s e t  o f  horn data run se p a r a te ly  fo r  the  
sym m etrical su b r e fle c to r  and fo r  the o f f s e t  su b r e f le c to r  w ith  horn o f f s e t .a n g le s . o f  
0° t o  6° in  1° in te r v a ls .  I t  i s . found' th a t the b e s t  agreement betw een- th e  c a lc u la te d  
and measured primary p a ttern s i s  obtained w ith  th e  fa r - f ie ld -h o r n  d ata , th e  
.agreement being e x c e lle n t  in  th e  case o f ' th e  d iagon al horn.
The computed p a ttern s  obtained  fo r  th e c ir c u la r  and d iagonal-horns feed in g  the  
sym m etrical' s u b r e f le c to r . are ■ superimposed on th e measured r a d ia tio n  p a ttern s  to  a 
l e v e l  o f  -15  dB r e la t iv e  to  the r e f le c te d  maximum in  P ig s . 1 and 2 on Drawing 
RES 22174 Sh 1 . The . agreement in  th e case o f  th e d iagon al horn i s  extrem ely  good 
over ‘ th e whole aperture a n g le . The maximum le v e l  on the h y p erb o lo id . a x i s . i s  
-1 7 .0 4  dB r e la t iv e  t o  the horn maximum.
The computed p attern s obtained fo r  the two horns feed in g  th e  o f f s e t  s u b r e f le c to r s  are  
superimposed on the measured " o ffse t  plane" r a d ia t io n  p a ttern s  on Drawing RES 22174 
Sh 2 to  Sh 4 . P ig . 5 .1  i l lu s t r a t e s  the p r o f i le  o f  th e three o f f s e t  su b r e f le c to r s  
in  th e  " o ffse t  plane". As each o f  the o f f s e t  su b r e f le c to r s  has an id e n t ic a l  
hyp erb olic  p r o f i le , t h e  computed p a ttern s fo r  a g iv en  horn o f f s e t  angle are common 
fo r  each su b r e fle c to r  ir r e s p e c t iv e  o f  the hyperboloid  o f f s e t  a n g le . The s l i g h t  
v a r ia t io n s  th a t do a r is e  a t  th e  edges o f  th e  p a ttern s however are due t o  the  
su b r e fle c to r  asymmetry which in crea ses  as th e  hyperboloid  o f f s e t  angle in c r e a se s .
w ith  horn o f f s e t s  o f  0 ° , 3° and 6° are shown superimposed in  P ig s . 1 to  6 on 
Drawing RES 22174 Sh 2 . 'The agreement, i s  very  good w ith  both feed 'h orn s.
S p e c ia l fea tu res  are apparent which can be summarised a s fo llo w s .
Horn o f f s e t  0°: although th e  computer p r in to u t i s :sym m etrical.w ith  r e s p e c t 't o •the  
•h yp erb o lo id .ax is a grea ter  prop ortion  appears on th e l e f t  hand s id e  because o f  the  
su b r e fle c to r  asymmetry. The maximum le v e l  o f  -1 8 .1 5  dB r e la t iv e  to  th e  horn maximum 
o c c u r s ,a t ,a n  angle o f  27° w ith  resp ec t to  the p a ra b o lic  a x is  which would be expected  
w ith  th e  27° su b r e fle c to r . .
Horn o f f s e t  3 °: t h e .asymmetry in  i l lu m in a t io n .ab ou t■th e p a r a b o lic ;a x is  i s  very  sm all 
fo r  both feed  horns. The maximum o f  the computed p a ttern .a lm o st co in c id e s  w ith 'th e  
p a r a b o lic , a x i s . and reaches , a l e v e l  o f  -1 7 .7 7  dB r e la t iv e  to  th e horn maximum.
Horn o f f s e t  6°:■ t h e ;asym m etrical:illu m in a tio n  i s .c le a r ly  d e f in e d ;a s .a s lo p e .across  
the r a d ia tio n  p attern . The maximum o f  th e  computed p a ttern s occurs . a t  approxim ately  
-2 0 °  w ith  r e sp e c t to 'th e  p a r a b o lic ,a x i s .and reach es:a  le v e l  o f  -1 6 .7 4  dB r e la t iv e  
•to  th e horn maximum.
S im ila r  r e s u lt s  are achieved w ith  the 3 2 ° ,and 37° s u b r e f le c to r s . In both ca ses  w ith  
■ t h e ' feed  horns o f f s e t  by 4° ■ th e  maximum en ergy . i s . v i r t u a l ly  r e f le c te d  along - the  
p a r a b o lic .a x i s .and a n .alm ost sym m etrical p a t te r n . i s  ach ieved . These f e a t u r e s .are  
c le a r ly  i l lu s t r a t e d  in  F ig . 5 .2  and in  F ig s . 2 .and 5 on Drawing RES 22174 Shs 3 and 4.
The computed r a d ia tio n  p a ttern s  fo r  the "symmetrical plane" o f  th e  27° s u b r e f le c tc r  
are shown superimposed on the measured p a ttern s in  F ig s . 3 .and 4 on Drawing RES 22-174 
Sh 1 . The la s e r  ray path experim ent, d escrib ed  in  S e c tio n  7 .3 ,  g iv es  th e f i e l d  
stren g th  contours over the su rface  o f  th e 14 f t  d iam eter paraboloid  and en ab les the  
d e r iv a tio n  o f  the r a d ia t io n  p a ttern s in  th e  "symmetrical p lane" . The r e la t io n s h ip  
between the f i e ld  stren g th  and th e angles on e ith e r  s id e  o f  the d ir e c t io n  o f  maximum
p r o f i le  in  t h is  plane i s  known. The su b r e fle c to r  p r o f i le  in  th e  "symmetrical plane"  
i s  not ea sy  to  d e fin e  but s in c e  the la s e r  ray contours e f f e c t iv e ly  g iv e  the  
d is tr ib u t io n  o f  f i e ld  over th e  su rface  o f  the parabolo id , the r e la t io n s h ip  between 
th e  l i e  Id stren g th  and the an g les on e ith e r  s id e  o f  the d ir e c t io n  o f  maximum 
r e f le c te d  energy in  th e  "symmetrical plane" can be d erived . A l in e  i s  drawn on th e  
la s e r  ray  diagram through the d ir e c t io n  o f  maximum r e f le c te d  energy.and perpendicu lar  
• t o 't h e ."o f f s e t  p lane" . T he.a n g le s .a t  th e  p o in ts  o f  in te r s e c t io n  o f  - t h i s  l i n e .w ith  
th e f i e ld  stren g th  co n tou rs.are  p lo tte d  a g a in s t •the f i e l d  s tren g th s  t o  g ive  th e  
r a d ia t io n  c h a r a c t e r is t ic . in  t h e . "symmetrical p lane". The e x c e l le n t  agreement 
achieved between th e  computed.and measured p a ttern s i s  c le a r ly  shown in  F ig s . 3 and 
4 on Drawing 22174 Sh 1 .
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2 7 3 S u b r ef lec to r
F I G . 5 . 2  RAY PATH DIAGRAMS ILLUSTRATING DIRECTION OF MAXIMUM 
REFLECTED ENERGY.
2 3 . 9 2
( a )  2 7 °  SUBREFLECTOR HORN
3 1 . 5 5 '
( b )  32  SUBREFLECTOR HORN OFFSET 4
3 1 . 5 5
( c )  37-SUBREFLECTOR HORN OFFSET 4
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6 ,1  Import ant, Feed Formulae
I t  w i l l  be u s e fu l to  b r ie f ly  con sid er  a t  t h is  sta g e  some im portant feed  formulae 
th a t w i l l  be required  in  th e  fo llo w in g  computer a n a ly s is ,
a . Rrimary Feed Gain
The primary feed  gain  i s  d erived  from th e fo llo w in g .c o n s id e r a tio n s . Let the  
ga in  o f  the primary feed  a s ;a  fu n ctio n  o f  <£.be g iven  b y :-  '
Gf (4>) =  G0 [g/ (< )^] ............  (6 .1 )
where G0 =  feed  gain
4> =  ; angle o f f . a x is
=  norm alised power r a d ia tio n  p a ttern  o f  th e feed ,
• which i s  , assumed • to  have c ir c u la r  syminetry.
! I f  the t o t a l  power ra d ia ted  from, an is o tr o p ic  ra d ia to r  . i s .. assumed - to  be 471 w a tts  
then
471 = G0 g ^ )  dQ  . (6. 2 )
where dQ i s  ,an elem ent o f  s o l id  angle S2.
But dQ =  271 s in  4> d<f>
Therefore 471 =  271
71
G0 gf{4>) s in  4> d4> 
.and the feed  gain  i s  g iven  by
G„ =
71
U [(f)) s in  4> d<£g/
(6 .3 )
The illu m in a tio n  e f f ic ie n c y  i s  d efin ed  as the r a t io  o f  the energy in tercep ted  
by the paraboloid  to  the energy ra d ia ted  by th e  feed .
' r
g^(<£) s in  4> d4>
°—  .........................     (6 .4 )
71
g^(<£) s in  <f> d4>
where ^ =  .h a l f  aperture angle o f  paraboloid
and i t  fo llo w s th a t the s p i l lo v e r  p a st  the periphery o f  th e  p arab olo id  i s  g iven
by
S =  100(1  -  e )   (6.6 )
c . Gain Factor
The a c tu a l gain  o f  an a e r ia l  i s  g iven  by th e  product o f  th e  t h e o r e t ic a l  ga in  o f  
a u n ifo rm ly . illu m in ated  su rfa ce  o f  th e  same aperture area, and th e ga in  fa c to r .
The ga in  fa c to r  i s  g iven  b y18
G' -  c o t5 ^  - 
2
[Gy:(^)] tan  — d<£ . . . . . .  (6 .6 )
The gain  fa c to r  may be more co n v en ien tly  expressed  in  terms o f  th e  prim ary fe e d  
gain (G0 ) and the norm alised primary feed  p a ttern  g\^ (<P)
G/  -  G. c o t5 < 
0 2
[g ^ (0 )] ta n  - (6 .7 )
The gain  fa c to r  may be rew r itten  u s in g :th e  o th er e x p r e s s io n s :to  g iv e
2
G'
2 c o t5 —
¥
gf(4>) s in  4> dtp
y . . . . . .  ( 6.8 )
which i l lu s t r a t e s  th a t-th e  gain  fa c to r  i s  e s s e n t ia l ly  the product o f  two factors:
18 SILVER S (Ed): Microwave Antenna Theory and D esign , (MIT R adiation  Lab. S e r ie s ) ,
Me Graw-Hill, New York, 1949, p 425*
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and (2) the e f f ic ie n c y  w ith  which th e aperture con cen trates the a v a ila b le
energy m  th e  forward d irection *
The second fa c to r  may be expressed  as the r a t io
gain  o f  the aperture w ith  the g iv en  illu m in a tio n  
gain  o f  the aperture w ith  uniform illu m in a tio n
The gain  f a c t o r . i s  th ere fo re  expressed  in -term s o f - the feed  r a d ia t io n .and 
: in c lu d es - the e f f e c t s  o f  s p il lo v e r  energy from th e feed  beyond the perip h ery  o f  
th e r e f le c to r .
6 .2  P red icted  Aperture E ff ic ie n c y
:A computer program has been produced'th a t  i s  su ita b le  fo r  the a n a ly s is . o f  t h e 'th ree  
.a e r ia l  co n fig u r a tio n s .
The. in te g r a tio n  o f  th e c e n tr e -fe d  p a ttern s i s  stra igh tforw ard  s in c e  th e r a d ia t ’ on 
c h a r a c t e r is t ic s ,are in  th e main s lo w ly  varying fu n ctio n s  .w ith a l l  th e  energy beyond 
±  100° below, about -3 0  dB r e la t iv e  to  th e  main lob e maximum. The in te g r a ls  con ta in ed  
in  the e x p r e s s io n s :fo r  th e  a e r ia l  gain fa c to r  .and illu m in a tio n  e f f ic ie n c y  can be . . 
ev a lu a ted .n u m erica lly  u sin g  Simpson’s  Rule w ith ;a sam pling . in te r v a l o f  5 ° .
The sym m etrical C assegrain  r a d ia tio n  p a ttern s co n ta in  su b r e fle c to r  s p i l lo v e r  energy  
in  th e  reg io n  between ±  150° and 180°. and t h is  can not be in teg ra ted  w ith  good 
accuracy .using  a sampling in te r v a l as large  as 5° because o f  th e  la rg e  f i e l d  
v a r ia t io n s , and the r e la t iv e ly  h igh le v e l  o f  th e  r a d ia tio n . A ccordingly a sam pling  
in te r v a l o f  1° i s  chosen fo r  th e  s p i l lo v e r  reg io n  and the num erical in te g r a t io n  i s  
performed in  two s ta g e s  ie  between 0° and +  150° and between ±  150° and 180°. The 
in te g r a tio n  over th e  reg io n  0° to  180° i s  then  g iven  by the sum o f  the two sep a ra te  
c a lc u la t io n s . . •
The o f f s e t - f e d  C assegrain r a d ia tio n  p a ttern s co n ta in  s p i l lo v e r  energy th a t  i s  not 
sym m etrically  d isp osed  about th e 180° a x is  and t h is  preven ts stra igh tforw ard  in teg ra ­
t io n  o f  the " o f fs e t  plane" energy. The s p i l lo v e r  energy i s  confined  t o  an 
approxim ately c o n ic a l zone and can be r e d is tr ib u te d  fo r  the purposes o f  th e
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t o t a l  energy remains unchanged. This p r o c e ss •a ls o  in v o lv es  th e  r e d is tr ib u t io n  o f  
some energy around the s p i l lo v e r  but as t h is  energy i s  a t  a  la v  le v e l  (belav -25  dB 
r e la t iv e  to  th e main lobe maximum) i t  i s  assumed th a t t h is  has l i t t l e  e f f e c t  on the  
r e s u l t .  The r e d is tr ib u t io n , which i s  r e s t r ic t e d  to  the reg ion  i  120° to  180°, does 
not d ir e c t ly  a f f e c t  th e  a e r ia l  ga in  fa c to r  and illu m in a tio n  e f f ic ie n c y  s in c e  th ese  
c a lc u la t io n s , being  o f  in te r e s t  in  p r a c tic e  fo r  a e r ia l  d esign s w ith  paraboloids  
having n a i f  aperture an g les o f  l e s s  than 90°, are con fin ed  w e ll  w ith in  th e reg ion  
0° ±  120° and are th ere fo re  independent o f  th e  changes ou tsid e  t h i s  re g io n .
The computer program g iven  in  Appendix V enab les the ev a lu a tio n  o f  th e  ga in  fa c  Lor 
a n d .illu m in a tio n  e f f ic ie n c y  fo r  th e  th ree  a e r ia l  c o n fig u r a tio n s . A ty p ic a l  data  
input sh eet fo r  th e  27° su b r e fle c to r  w ith  6 in  diam eter dual mode horn o f f s e t  3" i s  
a ls o  shown t o  i l lu s t r a t e  the energy r e d is tr ib u t io n  process d escrib ed  above.' The 
corresponding computer output i s  a ls o  included .
The E - and H-plane r a d ia tio n  p a ttern s are alm ost id e n t ic a l  in  form; A check to  
determ ine th e  agreement between th e  computed r e s u lt s  o f  ga in  fa c to r  and .illu m in a tio n  
e f f ic ie n c y  fo r  th e E - and H-planes in d ic a te s  th a t agreement i s  g e n e r a lly  w ith in  3# 
fo r  h a lf  aperture an g les  between 50° and 9 0°. The " o f fs e t  plane" r a d ia t io n  p a ttern s  
and the corresponding r a d ia tio n  p attern s obtained in  th e  "symmetrical plane" are a ls o  
v ir t u a l ly  id e n t ic a l  in  th e  reg io n  0° +  120°.
I t  i s  th ere fo re  p erm issib le  t o  perform th e in te g r a tio n  o f  H-plane r a d ia t io n  p a ttern s  
only and s in c e  the r a d ia tio n  p attern s are approxim ately c ir c u la r ly  sym m etrical in  th e  
reg io n  0° ±  120° i t  . i s  p erm iss ib le  t o  t r e a t  se p a ra te ly  th e  s o l id s  o f  r e v o lu t io n  
obtained by r o ta t in g  th e  two h a lves o f  th e  H-plane p a ttern s about th e parabolo id  a x i s .  
The mean o f  th e r e s u l t s  so  obtained can be taken to  rep resen t th e a c tu a l feed  
perform ance.
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Data ex tra cted  from the measured primary r a d ia t io n  p a ttern s  shown in  Drawing 
RES 40904 Sh l - l l  w as.run w ith  th e  computer program described  above. The most 
in te r e s t in g  r e s u lt s  have been s e le c te d  and are summarized in  Tables 6 .1  t o  6 .5 .  
Graphs i l lu s t r a t in g  the v a r ia t io n  in  a e r ia l  gain  fa c to r  and illu m in a tio n  e f f ic ie n c y  
have been p lo t te d  from th e computed r e s u lt s  and are shew n.in  P ig . 6 .1  (a ) to  ( f ) .
The graphs.shown in  P ig s . 6 .1  (a ) and (b) rep resen t the performance o f  th e  
sym m etrical C assegrain a e r ia l  fed  w ith  the dual mode horn and d iagon al horn 
r e s p e c t iv e ly .  I t  i s  in te r e s t in g  t o  n o te 't h a t •th e  sharper f i e l d  tap er  provided by 
th e  d iagon al horn improves th e  illu m in a tio n  e f f ic ie n c y  but e f f e c t iv e ly  low ers the  
aperture angle a t  which the optimum gain  fa c to r  i s  ach ieved . T his, i s  a ls o  observed  
in  th e  graphs shown in  P ig . 6 .1  (d) and (e )  which r e p r e se n t• th e performance in  -the' 
" o ffs e t  plane" o f  th e o f f s e t - f e d  C assegrain a e r ia l  w ith  th e  27° su b r e f le c to r  and 
dual mode and d iagon al horns o f f s e t  3° r e s p e c t iv e ly . P ig . 6 .1  (c )  i l l u s t r a t e s  - the  
gain  fa c to r  and illu m in a tio n  e f f ic ie n c y  fo r  the c e n tr e -fe d  a e r ia l  w ith  th e  c o -a x ia l  
feed  and P ig . 6 .1  ( f )  i l lu s t r a t e s  th e performance in  th e  "symmetrical plane" o f  th e  
o f f  s e t - f e d  C assegrain a e r ia l  w ith  the 27° su b r e f le c to r  and dual mode horn o f f s e t  3 ° .
The c o -a x ia l  feed  fo r  the c e n tr e -fe d  a e r ia l  y ie ld s  th e  b e s t  performance w ith  a ga in  
fa c to r  o f  0 .8 2 9  and an illu m in a tio n  e f f ic ie n c y  o f  0 .9 3 9  fo r  a parabolo id  aperture  
angle o f  140°. The sym m etrical C assegrain  and o f f s e t - f e d  C assegrain  c o n fig u r a tio n s  
w ith  th e  27° su b r e fle c to r  and the 6 in  diam eter dual mode horn fo llo w  c lo s e ly  w ith  
gain  fa c to r s  o f  0 .813  and 0 .7 8 9  and illu m in a tio n  e f f i c i e n c i e s  o f  0 .875  and 0 .8 6 6  
r e s p e c t iv e ly .  The performance o f  the o f f s e t - f e d  C assegrain  co n fig u ra tio n  in  th e  
" o ffs e t  plane" d e te r io r a te s , w h ile  the performance in  th e  "symmetrical plane"  
improves, as th e  hyperboloid  o f f s e t  angle i s  in creased .
A 6 Inch Diameter Dual Mode Horn, irequency 1 1 .1  GHz 
H-plane R ad iation  P attern
HALF
APERTURE
ANGLE
(DEGREES)
GAIN FACTOR ILLUMINATION EFFICIENCY
LHS RHS AV LHS RHS
1
AV
60 .749 .735 .742 .763 .748 .755
70 .812 .815 .813 .877 .873 .875
80 ■ - .727 .727 . 727 .913 .907 .910  |
B 8 Inch D iagonal Horn, Frequency 1 1 .1  GHz 
H-plane R adiation  P attern
HALF
aPERTURE
ANGLE
(DEGREES)
GAIN FACTOR ILLUMINATION EFFICIENCY
LHS ‘ RHS AV LHS RHS . AV
60 .823 .814 .818 .871 .859 .865
70 .795 .799 .797 .938 . .933 .936
80 .663 .673 .668 .956 .953 .955
TABLE 6 .2  CENTRE-FED AERIAL
0 .7 5  Inch X 0 .4 6 8  Inch Annular Aperture w ith  a 4 .5  Inch Diameter Flange  
P o sitio n ed  0 .243  Inch behind the Apart lire , Frequency 1 1 .1  GHz 
H-plane R adiation  P attern
HALF
APERTURE
ANGLE
(DEGREES)
GAIN FACTOR . ILLUMINATION EFFICIENCY
LHS RHS AV LHS RHS AV
60 .812 .793 .802 .855 .835 .895
70 .829 .828 .829 .945 .934 .939
80 .743 .761 .752 .981 .977 .979
A 6 Inch Diameter Dual Mode Horn O ffse t 3 ° , Frequency 11 ,1  GHz
T.T m  i  r w t . >
irv  Xuaxu. i.niitua.uua.wJ. x uuuCi
"O ffset Plane"
HALF
APERTURE
ANGLE
(DEGREES)
GAIN FACTCR ILLUMINATION EFFICIENCY
LHS RHS AV LHS RHS. AV
60 .782 .714 .748  . .801 .732 .761
70 .852 .726 .789 .923 ,810 .866
80 . 744... .648 .693 .954 .840 .897
B 8 Inch D iagonal Horn O ffse t  3 ° , Frequency 1 1 .1  GHz, 
H-plane R adiation  P attern  
"O ffset Plane"
HALF
APERTURE
ANGLE
(DEGREES)
GAIN FACTCR ' ILLUMINATION EFFICIENCY.
LHS RHS AV LHS . RHS AV
60 .856 .766 .811 .916 .801 .858
70 .783 .759 . ',’71 .969 .875 .922
80 .605 .661 .633 .974 .900 .937
:
i■ t
C 6 Inch Diameter Dual Mode Horn O ffse t  3 ° , Frequency 11 .1  GHz
I
H-plane R adiation  P attern
f
"Symmetrical Plane"
HALF
APERTURE
ANGLE
(DEGREES)
GAIN FACTCR ILLUMINATION EFFICIENCY
LHS RHS AV LHS RHS AV
60 .958 .761 .759 , .781 .779 .7 6 0
70 ,766 .766 .763 .861 .859 .860
80 .657 .680 .668 .884 .889 .8 3 5
I
I*
f
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i
A 6 Inch Diameter Dual Mode Horn O ffse t 4 ° , Frequency 1 1 .1  GHz 
H—plane Pad j a t  ion  P attern  
"O ffset Plane"
HALF
APERTURE
ANGLE
(DEGREES)
GAIN FACTCR 'ILLUMINATION EFFICIENCY
LHS RHS AV LHS RHS AV
60 .790 .657 .723 .812 .681 .746
70 .833 .672 .752 .919 .756 .837
80 .691 .591 .641 .937 .780 .858
B 6 Inch Diameter Dual Mode Horn O ffse t 4 ° , Frequency 1 1 .1  GHz 
H-plane R adiation  P attern  
. "Symmetrical Plane"
HALF
APERTURE
ANGLE
(DEGREES)
GAIN FACTO}
T " ‘ -  ...................... ...........................  “  -------- --------
‘.ILLUMINATION EFFICIENCY
LHS . RHS AV LHS RHS. AV
60 .777 .784 .780 .800 .804 .802
70 .765 .791 .778 .873 .8 8 7 .880
80 .653 .706 .679 .894 .919 .906
TABLE 6 .5  OFFSET-FED CASSEGRAIN AERIAL 37°' SUBREFLECTOR 
A 6: Inch Diameter Dual Mode Horn O ffse t  4 ° , Frequency 11 .1  GHz
H-plane R adiation  P attern  
"O ffset Plane"
HALF
APERTURE
ANGLE
(DEGREES)
GAIN FACTCR ILLUMINATION EFFICIENCY:
LHS . RHS AV LHS RHS AV
60 . 789 .681 .735 .832 .694 .763
70 .767 .702 . 734 .901  ' .773 .837
80 .609 .643 .626 .910 .810 .860
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H-plane R adiation  P attern  
^Symmetrical Plane"
HALF
APERTURE
ANGLE
(DEGREES)
GAIN PACTCB ’ ILLUMINATION EFFICIENCY
LHS RHS AV LHS RHS AV
60 .602 .801 .802 .822 .813 .817
70 .804 .815 .809 .904 .902 .903
80 .681 .692 .686 .925 ..923 .924
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( c )  HALF APERTURE ANGLE ( DEGREES ' )
CD
o r  —  
CD u_ 
H— U_ 
CD UJ
. 0
0 . 9
0. 8
0 . 7
0 . 6
50 60 70 8)0 90
( d )  HALF APERTURE ANGLE (DEGREES)
CD Li_ 
I—  UJ 
CD
1. 0
0 . 9
0 . 8
0 . 7
0 . 6
50 60 70 8 0  9)0.
1 . 0
0 . 9
0. 8
0 . 7
0 . 6
50 60 80 9070
( b )  HALF APERTURE ANGLE (DEGREES)
F I G . 6 . 1 . ( a )  & ( b )  SYMMETRICAL CASSEGRAIN 
AERIAL
FI  G.  6 . 1 .  ( c )  CENTRE -  FED AERIAL
. 0
0 . 9
0 . 8
7
0 . 6
5 0 60 70 8 0  90
( e )  HALF APERTURE ANGLE ( DEGREES ' )
NOTE I E = ILLUMINATION EFFI CI ENCY 
G F =  GAIN FACTOR
F I G . 6 . 1  ( d ) , ( e )  & ( f )  OFFSET- FED 
CASSEGRAIN AERIAL.
( f )  HALF APERTURE ANGLE (DEGREES)
/  U 1 L 1 J .n .J .X .1 ^  \J1*  J L X tX iU U iT f  J - IX I -J  V i W r U l
7 .1  S u b reflec to r  Manufacture
The compact dim ensions o f  th e  sym m etrical su b r e fle c to r  enabled i t  t o  be machined 
from an aluminium a l lo y  b lock  u sin g  a la th e  f i t t e d  w ith  a p r o f i le  fo llo w in g  a tta ch ­
ment. The p r o f i le  o f  the tem plate used in  t h is  op eration  was d efin ed  by th e  
co -o rd in a te s  g iven  in  Table 3 .3 .  The com pleted su b r e fle c to r  i s  shown in  Neg.
RES 17436. H oles d r i l le d  in  th e  back su rfa ce  o f  th e  su b r e fle c to r  red u ced 'th e w eight 
t o  about 23 lb s .
The..unusual shape o f  the o f f s e t  su b r e fle c to r  p resen ts  manufacturing d i f f i c u l t i e s .  
W hereas. fo r  the sym m etrical su b r e fle c to r , sp in n in g , e x p lo s io n  forming and machining 
can provide su ita b le  methods o f  m anufacture, d isadvantages a r is e  in  each case when an 
asymme b r ic a l shape i s  req u ired . Good accuracy can be achieved by employing sp in n in g  
or an ex p lo s io n  forming technique but th e s t r e s s e s  b u i l t  up in  th e m etal during  
manufacture cause the shape to  d is t o r t  s e v e r e ly  when th e d es ired  form i s . la t e r  cu t  
from the sym m etrical shape. A machining op era tion  would be very  exp en sive and would 
n ot be a p r a c t ic a l  s o lu t io n  because th e  d im en sion s. o f  the 32° su b r e f le c to r  in d ic a te  
th a t  a cap would have to  be cut from a sym m etrical hyperboloid  having a maximum 
rad iu s o f  15 in . A large  volume o f  m etal would be wasted and th e  su b r e f le c to r  would  
be very  heavy even i f  aluminium a l lo y  were used.
The method employed to  produce the su b r e fle c to r s  in v o lv es  a p rocess o f  spraying m etal 
onto a s p e c ia l ly  prepared mould t o  g ive  a th in  m etal f i lm . The m etal f i lm  i s  
covered w ith  an aluminium a l lo y  honeycomb backing s tru ctu re  approxim ately f  in  th ic k  
and t h is  i s  bonded to  the m etal su rface  by means o f  a. strong r e s in  g lu e . The 
ad/antage o f  t h i s  method i s  th a t e x c e l le n t  agreement can be achieved between the  
p r o f i le  o f  th e mould and the p r o f i l e .o f  th e  d ep o sited  m etal. Photograph Neg.
RES 17437 i l lu s t r a t e s  the f in ish e d  27° su b r e fle c to r  and i t s  mounting p la te .  The 
su rface  i s  w ith in  ±  0 .001  in  o f  the d es ired  p r o f i l e .  The su b r e fle c to r  i s . l i g h t ,  
approxim ately 9 lb , th e su rface  i s  extrem ely  smooth and durable and th e  m anufacturing  
p rocess i s  r e la t iv e ly  sim ple and econom ical.
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The primary feed  r a d ia tio n  p a ttern  measurement range i s  v e r s a t i l e  and can be 
m odified  to  provide n e a r - f ie ld  r a d ia tio n  p a ttern s  in  a d d itio n  t o  the u su a l f a r - f i e ld  
p a tte r n s . A d e ta ile d  d e sc r ip t io n  o f  the primary range equipment i s  g iven in  
A ppendix'!.
. In  the f i r s t  in sta n ce  the ■ f a r - f i e ld  r a d ia tio n  p a ttern s o f  • th e  two C assegrain  feed  
horns i e  the 8 in  d iagon al horn and the 6 in  diam eter dual mode horn were measured 
u sin g  th e standard range shown on Neg. RES 17439. The range was .then  rearranged  
w ith ’the illu m in a tin g  aperture p o s it io n e d  w ith in  the n e a r - f ie ld  o f  the feed  horns.
An open-ended len g th  o f  rectan gu lar  WG 16 provided a su ita b le  range illu m in a tin g  
aperture about 40 in  from th e tu rn ta b le  cen tre  o f  r o ta t io n . The f a r - f i e ld  tran sm it 
waveguide feed er  was d iscon n ected  a t  th e wavemeter and a sh o rter  waveguide feed er  
connected t h e 'tr a n s m itte r 1 to  th e  open-ended waveguide.
The con ven tion al C assegrain  su b r e fle c to r  was s e t  up w ith  i t s  focu s over the  
'tu rn ta b le  cen tre  o f  r o ta t io n . The 6 in  diam eter dual mode horn was f i t t e d  in to  i t s  
support crad le  and p o s it io n e d  c a r e fu lly  w ith  'respect to  th e  s u b r e f le c to r . Two 
v e r t ic a l  s c a f fo ld  p o le s  held  th e  crad le  in  p o s it io n  a t  th e  co r r e c t h e ig h t and 
runners.cn  the horn enabled i t  t o  be moved h o r iz o n ta lly  w ith  re sp e c t t o  th e  cra d le  
u n t i l  the d esired  horn and su b r e fle c to r  sep ara tion  was ach ieved . Temporary cro ss  
w ires f i t t e d  on the horn and a c e n tr a l sp ot on th e  su b r e f le c to r  su rfa ce  f a c i l i t a t e d  
f in a l  alignm ent o f  th e arrangement. This len g th y  procedure was found by exp erien ce  
to  be v i t a l  as sm all a x ia l  in a ccu ra cies  gave r i s e  to  marked asymmetry in  th e  
p lo tte d  p a ttern s . The 8 in  d iagon al horn was s e t  up in  e x a c t ly  the same way.
The o f f s e t - f e d  C assegrain su b r e fle c to r s  p resen t s p e c ia l  problems in  alignm ent 
because an g les as w e ll  as d is ta n c e s  are in vo lved . A j i g  was manufactured which  
d e fin e s  an angle o f  32° between th e h yperbolic  a x is  - o f  th e  su b r e f le c to r  and th e  a x is  
o f  the paraboloid  and in  a d d itio n  marks o f f  along th e h yp erb olic  a x is  th e d es ired
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r a d ia tio n  p a ttern  t e s t s  and i s  shown a lign ed  'with the su b r e fle c to r  and f e e l  horn 
in  the 14 f t  diam eter paraboloid  in  Photograph Neg. RES 17441.
One end o f  the j i g  has a square p la te  which lo c a te s  w ith the su b r e f le c to r  backing 
p la te .  The other end con ta in s a horseshoe-shaped p la te  w ith in  a square frame.
The square frame i s . s e t  a t  an angle o f  32° t o  the square p la te  a t ' th e  op p osite  end 
o f  the j i g .  The fr o n t flan ge  on the c ir c u la r  horn clamps onto th e  horseshoe-shaped  
p la te  which i s  a tta c h e d 'to  th e square frame a t  a p iv o t p o in t . Movement o f  the  
horseshoe-shaped p la te  r e la t iv e  t o  th e square frame f a c i l i t a t e s  movement o f  th e  horn 
r e la t iv e  to  th e su b r e fle c to r  su r fa ce . An angular s c a le  on the recta n g u la r  frame 
in d ic a t e s •the p o s it io n  o f  the horn a x i s .w ith  re sp e c t -to  th e  h yp erb o lic  a x i s .
In th e prim ary t e s t s  th e fro n t end o f  the horn support crad le  was: lo c a te d  by a 
p iv o t  p in  and the rea r  end was supported on a f l a t  h o r iz o n ta l p la t e .  This arrange­
ment allow ed th e crad le t o  be ro ta ted  in  a h o r izo n ta l plane ab ou t'th e  phase cen tre  
o f  the horn. With the j i g  in  p o s it io n  su c c e ss iv e  1° o f f s e t s  o f  th e  horn a x is  from 
th e h yp erb olic  a x is  were • tra n sferred  ■ from the angular s c a le  on th e  square frame o f  
th e  j i g  to  the h o r izo n ta l crad le  support p la te .  The j i g  was then  removed and u.he 
r a d ia tio n  p a ttern s were p lo t te d  w ith  th e horn a x is  s e t  a t  var io u s a n g les  w ith  
resp e c t to  th e hyperboloid  a x is . E- and H-plane p a ttern s were p lo t te d  v /ith  th e horn 
o f f s e t  by an g les between 0° and 8° in  1° in te r v a ls .
A s im ila r  procedure was used t o  s e t  up the 8 in  d iagon al horn. In t h i s  case th e  
aperture o f  the horn lo c a te d  in  4 r ig h t-a n g le d  s lo t s  cu t in to  th e  horseshoe-shaped  
j i g  p la te .  .
I t  w as.not n ecessary  to  have a d d it io n a l j i g s  made to  a l ig n  th e horns w ith  th e 27° 
and 37° su b r e fle c to r s  because the mounting arrangements perm it the su b r e f le c to r s  to  
be p ivo ted  about th e ir  fo c a l  p o in ts  by ±  5 ° .  This f a c i l i t y ,  which i s  i l lu s t r a t e d  
in  Photograph Neg. RES 17438, enab les th e  27° su b r e fle c to r  to  be p iv o ted  away from
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th a t the 32° j i g  can be used fo r  a l l  the alignm ent op era tion s. Mien th e  p o s it io n  
o f  the horn has been c o r r e c t ly  lo ca ted  and th e  horn fix e d  in  p o s it io n , th e j i g  i s  
removed and the su b r e fle c to r  p ivo ted  back to  i t s  co rrect measurement p o s it io n ,  
th a t  i s  w ith  th e su b r e fle c to r  mounting p la te  perpendicu lar to  th e p a ra b o lic  a x is .
The apparatus on th e  tu rn ta b le  was rearranged fo r  r a d ia t io n  p a tte r n  measurements .in 
th e "symmetrical plane" as'shown in  Photograph Neg. RES 17439. The su b r e f le c to r  
mounting p la te  enabled th e s u b r e f le c to r 'to  be ro ta ted  through 90° such th a t  the  
" o ffs e t  plane" was perpendicu lar to  the tu rn ta b le . The su b r e fle c to r  mounting p la te  
was s e t  w ith  the p arab o lic  a x is  p a r a l le l  t o  the p lane o f  r o ta t io n  o f  th e  tu r n ta b le .  
Exact alignm ent o f  th e  two horns and th ree  su b r e fle c to r s  w as.ach ieved  w ith  th e  a id  
o f  the j i g  which was used in  a s im ila r  way t o  th a t d escrib ed  fo r  th e " o f fs e t  plane"  
measurements. E- and H-plane r a d ia tio n  p a ttern s were p lo tte d  w ith -th e  horns s e t  a t  
v a r io u s  o f f s e t  a n g les .
The s p i l lo v e r  r a d ia tio n  p a st th e sym m etrical s id e s .o f  the su b r e f le c to r s  was measured 
w ith  th e  horn s e t  up as fo r  th e " o ffs e t  plane" measurements but f ix e d  in  p o s it io n  
fo r  th e  duration  o f  the t e s t s .  The su b r e fle c to r  was arranged w ith  th e  s u b r e f le c to r  
mounting p la te  t i l t e d  backwards a t  th e p iv o t  p o in t u n t i l  th e  h yp erb olic  a x is  was ' 
p a r a l le l  t o  the plane o f  tu rn ta b le  r o ta t io n  and co in c id en t w ith  the horn a x is .  The 
r a d ia tio n  p attern  obtained in  t h i s  p o s it io n  g iv es  th e  s p i l lo v e r  p a st  th e  s u b r e f le c to r  
fo r  a horn o f f s e t  angle o f  0 ° . "Symmetrical plane" s p i l lo v e r  p a ttern s  fo r  horn 
o f f s e t s  o f  1 ° , 2 ° , 3° e tc  were obtained  by d ecreasin g  th e h e ig h t o f  th e  su b r e f le c to r  
by 0 .6 6  in  fo r  each 1° o f  horn o f f s e t .
7 .3  Laser Ray Path Experiments
The method used to  eva lu ate  th e th e o r e t ic a l  d is tr ib u t io n  o f  energy from th e o f f s e t -  
su b r e fle e to r s  assumes th a t cones o f  energy in c id en t upon the su b r e fle c to r  are  
r e f le c te d  in  cones when the horn a x is  i s  o f f s e t  from the hyperboloid  a x is .  In  order  
to  j u s t i f y  th is  assumption a separate experim ent was conducted using a la s e r  in  p la ce  o f  
th e  feed  horn. The la s e r  ray  paths were used to  sim u late the d is tr ib u t io n  o f  equal-energy  
contours on th e paraboloid  su r fa ce .
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a m etal tube. Packing shims were p laced  under th e  la s e r  u n it  u n t i l  tbe la s e r  beam 
was a lig n ed  w ith  the s lu e s  o f  the la s e r  crad le  and w ith -th e  cen tre  o f  the h o le  .in  
the m etal tube. A fter  adjustm ent th e  la s e r  u n it  was firm ly  secu red 'to  the cra d le , 
which p iv o ted  about a p o in t •§• in  from th e  end o f  the f l a t  p la te .  An annular s c a le  
on the p la te  in d ica ted  th e d ir e c t io n  o f  th e la s e r  beam w ith  r e s p e c t - to  th e a x is  o f  
th e rnetal-tube. The tube was passed  • through the s l o t  in  th e  parabolo id  in  the same 
manner as th e  feed  • horn in  • th e  ’’sym m etrical p la n e” measurements and w as. supported in  
two b e a r in g s . which were held  by sc a f fo ld  clamps. Adjustment o f  th e  p o s it io n  o f  the  
two bearin gs enabled the tube t o  be f ix e d  a t  any angle w ith  r e sp e c t t o  the  
su b r e f le c to r .
The mat m e ta ll ic  f in is h  o f  th e  27° su b r e fle c to r  d id  n ot provide a good r e f le c t in g  
su rface  and chromium adhesive ta p e w a s  used to in crea se  the r e f l e c t i v i t y .  Tarpaulin  
sh e e ts  were hung over the -tetrapod  support s tru ctu re  to  e lim in a te  as much d a y lig h t  
as p o s s ib le . R adial l in e s ,  graduated in  6 in. d iv is io n s ,  were marked on the  
paraboloid  su rfa ce  a t 45° in te r v a ls  to  provide a means o f  p in p o in tin g  th e  r e f le c te d  
la s e r  l ig h t .
The j i g  which enabled the alignm ent o f  th e  horn and su b r e fle c to r s  was used to  s e t  the  
la s e r  in  p o s it io n . The p o s it io n  o f  the m etal tube was adjusted  u n t i l  th e a x is  o f  the  
tube was o f f s e t  from th e hyperboloid a x is  by 3° and th e  bearings were clamped so  th a t  
th e  "tube was fir m ly  supported but could r o ta te  f r e e ly .  With the la s e r  beam p o in tin g  
a lo n g -th e  a x is  o f  - th e  tube • the r e f le c te d  beam produced a sp ot about -g- in  in  d iam eter  
j u s t  below the v e r te x  o f  the r e f le c to r .  The la s e r  crad le  was o f f s e t  from th e  m etal 
tube a x is  by an angle o f  1° and the tube ro ta ted  through 360°. The c i r c l e  d escr ib ed  
by th e  r o ta tin g  beam represented  th e f i e l d  stren g th  contour o f  th e  horn r a d ia t io n  
p attern , 1° o f f  th e horn a x is . The corresponding f i e l d  stren g th  contour swept out on 
the r e f le c to r  su rface  by the la s e r  beam was recorded on p o lar  graph paper. The 
procedure was repeated w ith -th e  la s e r  crad le  o f f s e t  from the tube a x is  by 2° and
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fo r  the 27° su b r e fle c to r  w ith  horn o f f s e t  3° are shown in  P ig . 7 .1  (a ) .  The 
experim ent a ls o  provided a check o f  the su b r e fle c to r  mounting- a c c u r a c y .' I t  was 
found th a t  when the la s e r  beam was ad ju sted  to  j u s t  graze the edge o f  the  
su b r e f le c to r  the r e f le c te d  ray appeared c o r r e c t ly  a t  th e edge o f  th e p arab olo id .
The contours fo r  th e  c o n d itio n  w ith  the horn o f f s e t  by 6° were obtained , by rea d ju st­
in g  the p o s it io n  o f  the m etal tube u n t i l  the a x is  o f  the tube was o f f s e t  from the  
•hyperboloid a x is  by 6 ° . In t h i s  c o n d itio n  w ith  the la s e r  beam p o in tin g  along the  
a x is  o f  th e  tu b e, the r e f le c te d  beam appeared as a spot about 1 f t  above the v e r te x  
o f  the r e f le c to r .  The la s e r  crad le  was o f f s e t  from the tube a x is  in  angular  
increm ents o f  1° up to  12° and the contours sw ept-out on th e  p arab olo id  su rfa ce  were
p lo t te d  on p o la r  graph paper. The r e s u lt s  feiM e/qcm cip /es
7.i cl).
The f i e l d  stren g th s  g iven  in  P ig . 7 .1  apply fo r  the 8 in  d iagon al horn and were 
c a lc u la te d  u sin g  th e computer program g iven  in  Appendix I I I .  The corresponding  
f i e l d  stren g th s  fo r  the 6 in  diam eter dual mode horn o f f s e t  by 3° and 6° are as  
fo llo w s :  fo r  P ig . 7 .1  (a ) 0, - 0 .1 8 ,  - 0 .7 7 ,  -1 .7 1 , - 2 .8 5 ,  - 4 .3 5 ,  -6 .5 2  and -9 .5 4  dB; 
fo r  P ig . 7 .1  (b) 0, - 0 .2 2 ,  - 0 .9 4 ,  -2 .1 8 , - 3 .5 7  and - 5 .3 0  dB.
7 .4  D escr ip tio n  o f  Secondary R ad iation  P attern  Experiments
The tetrap od  feed  support stru ctu re  and backing stru ctu re  had been f i t t e d - t o  th e  
p arab olo id  j u s t  before th e  s t a r t  o f  th e  experim ental program. T herefore"the ex a c t  
fo c a l  p o in t o f  the paraboloid  had t o  be lo ca ted  before measurements could  s t a r t .
The approximate fo c a l  p o in t was known from the a e r ia l  geometry but th e  tru e focus  
cou ld  on ly  be obtained from e l e c t r i c a l  measurements, which in vo lved  s e t t in g  up th e  
c o -a x ia l  feed  and ad ju stin g  i t s  p o s it io n  u n t i l  the a e r ia l  gain  and th e shape o f  the 
main lobe o f  th e a e r ia l  r a d ia tio n  p a ttern  v/ere optim ised .
The c o -a x ia l  feed  was supported in  th e  cen tre  o f  the paraboloid  by th e mounting 
arrangement th a t had been designed to  support th e su b r e f le c to r s . The c ir c u la r  wave­
guide was passed  ■ through a h o le  in  th e backing p la te  and th en  through th e  tube which
Photograph Keg. RES 17436, were s lo t t e d  and allow ed the tube, and hence the feed , 
t o  move in  two orthogonal d ir e c t io n s . The feed  could  a lso  be secured a t any p o in t  
in s id e  th e  tube. The phase cen tre  o f  the feed  was known to  be behind th e  aperture  
ard • i is  p o in t was i n i t i a l l y  s e t  t o  th e approximate paraboloid  fo cu s . Once th e  
fo c a l  p o in t had been lo ca ted  and i t s  p o s it io n  recorded the feed  was secured  in  
p o s it io n . E- and'H-plane r a d ia tio n  p attern s were than p lo tte d  w ith  th e  c o -a x ia l  
feed  in  p o s it io n . An angular s c a le  o f  j. /cm was s e le c te d  fo r  th e  reg io n  o f  prime 
in t e r e s t ,  0° ±  30°, and an angular s c a le  o f  5 ° /cm fo r  the reg ion  i  30° to  ±  180°.
Good agreement was observed b etw een-these p a ttern s and p attern s th a t had been  
p lo tte d  p r e v io u s ly  u sin g  the same paraboloid  and feed  but w ith  the o r ig in a l  fe e d  
support s tr u c tu r e . This was a u s e fu l  comparison as i t  confirm ed•th a t -th e  fo c a l  
p o in t had been lo c a te d  c o r r e c t ly  and th a t th e  new support s tru ctu re  had n ot s ig ­
n i f ic a n t ly  in creased  th e aperture b lock in g .
The next experim ent in volved  rep la c in g  the c o -a x ia l  feed  by the sym m etrical 
C assegrain s u b r e f le c to r . The p o s it io n  o f  the fo c a l  p o in t o f  the su b r e f le c to r  was 
known e x a c t ly  so  when"the su b r e f le c to r  was f i t t e d  into, th e c e n tr a l mounting tube  
th e  su b r e fle c to r  focus and th e paraboloid  focus could  be im m ediately made co in c id en t.
The 6 in  diam eter dual mode horn was p o s it io n e d  w ith  th e rear o f  the horn through a 
sm all h o le  a t  the v e r te x  o f ' th e  r e f le c t o r .  The fr o n t o f  the horn was supported by 
means o f  two te le s c o p ic  le g s  which were screwed in to  th e  r e f le c t o r  su r fa ce  v e r t i c a l ly  
b elow -the horn aperture. The horn was a lig n ed  v is u a l ly  using  c r o ss , w ires  a ttach ed  to  
the aperture and rear o f  th e  horn and a cro ss  marked on the cen tre  o f  th e  su b reflec to r . 
The d ista n ce  between th e  horn phase cen tre  and th e paraboloid  focus was ad ju sted  to  
be 40  in  and th e rear o f  th e horn was secured by means o f  a s c a f fo ld  clamp. When 
a lig n ed  and clamped, the horn was r ig id  and could be guaranteed to  remain in  th e  ' ■ ' 
co rrec t p o s it io n . The d esired  horn p o la r iz a t io n  was s e t  by ad ju stin g  th e  p o s i t io n  o f  
the rectan gu lar to  c ir c u la r  waveguide transform er which f i t t e d  onto the end o f  th e  
horn. A sh o rt len g th  o f  tw is ta b le  f le x ib le  waveguide connected t h i s  waveguide tr a n s­
former to  the waveguide feed er  which tran sm itted  th e  s ig n a ls  t o  the tu rn ta b le  r e c e iv in g  
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d efocus ing the C assegrain  system . The su b r e f le c to r  was pushed in to  the mounting 
Lube by about 2 in  and then th e  a e r ia l  r a d ia t io n  p a ttern  and a e r ia l  gain  were 
observed as th e su b r e fle c to r  was moved towards i t s  previous p o s it io n  i n i t i a l l y  in  
s te p s  o f  \  in  and then  ^ in . The procedure i l lu s t r a t e d  th a t th e system  was sen­
s i t i v e  to  inaccurate focu s alignm ent and. a lso , con firm ed 'th at-th e  o r ig in a l  su b reflec to r  
s e t t in g  was c o r r e c t . E - and'H-plane p a ttern s were p lo tte d  w ith  angular s c a le s  o f  
l° /cm  between 0° and ±  30° and 5 ° /cm between ±  30° and ±  180°. The horn s p i l lo v e r  
ra d ia tio n  p a s t 'th e  su b r e fle c to r  was c le a r ly  rep resen ted  on the 0 ±  3C° s c a le .
The mounting assem bly used w ith  th e sym m etrical C assegrain  su b r e fle c to r  was not 
id e n t ic a l  t o  th a t  req u ired  by th e  o f f s e t - f e d  C assegrain  su b r e f le c to r s . The s p e c ia l  
o f f s e t - f e d  C assegrain  m ounting'assem bly,-w hich .allow ed each su b r e fle c to r  to  p iv o t  
about i t s  fo c a l  p o in t, was f ix e d  • to  • the - tetrap od  p la te  ■ in  e x a c t ly  - th e same way but 
spacer washers were required  to  bring th e su b r e fle c to r  focus in to  co in c id en ce  w ith  
'th e focus o f  the p arabolo id .
The 32° su b r e fle c to r  w a s .s e t :up f i r s t .  The 6 in  d iam eter: dual mode horn was. 
p o s it io n e d  approxim ately, u sin g  th e  te le s c o p ic  tr ip o d  shown in  Photograph Neg.
RES 17442. The tr ip o d  w as. attached  t o •t h e ■top  o f  th e horn by a p iv o t  p in  which 
enabled th e  horn to  be s e t  a t  v a r iou s.h orn  o f f s e t  a n g le s . The rear end o f  th e  horn 
passed through a h o le  in  the r e f le c to r  and was supported in  an ad ju sta b le  clamp. 
Accurate alignm ent o f  th e horn and su b r e fle c to r  was f a c i l i t a t e d  by th e  j i g  which had 
been used to  a l ig n  the horn and su b r e fle c to r  during th e  primary feed  measurements. 
Photograph Neg. RES 17441 shows th e j i g  in  p o s it io n  w ith  th e  horn o f f s e t  from the  
hyperboloid  a x is  by 6 ° . I t  was n ecessary  t o  cu t a s l o t  in  th e  r e f le c to r  t o  enab le  
the horn to  be o f f s e t  by an gles o f  4° and 0 ° . The d es ired  horn p o la r iz a t io n  was s e t  
as b efore by a d ju stin g  the p o s it io n  o f  the r e c ta n g u la r •to  c ir c u la r  waveguide tra n s­
former. Because there was on ly  3 in  c le a r a n c e ' in  th e v i c in i t y  o f  the s l o t  between the  
back o f  the r e f le c to r  and a c ir c u la r  s t e e l  angle member which formed p a rt o f  the  
backing s tru ctu re  o f  the r e f le c to r  i t  was e s s e n t ia l  t o  use th e sh ort wire-wound
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Ihe horn to  th e receive-w aveguide feed er . An a d d it io n a l o b stru ctio n  was caused by 
one o f  the s ix  c ir c u la r  ' f e e t ’ which anchored the -three main support members to  the  
f ib r e g la s s  body o f  the r e f le c t o r .  However' t h is  o b stru ctio n  was'.not a se r io u s  hazard 
in  th e case  o f  the 32° su b r e fle c to r  and i t  was p o ss ib le  to  o f f  s e t ' the horn by an gles  
o f  0°» 4° and 6 °.
The 27° o f f s e t - f e d  C assegrain a e r ia l  was . s e t  up in  a s im ila r  way. The 27° sub­
r e f le c t o r  f i t t e d  d ir e c t ly  in  p la ce  o f  the 32° su b r e fle c to r , i t s  fo c a l  p o in t being  
au to m a tica lly  p o sit io n ed  a t the mounting assem bly p iv o t  p o in t . The 6 in  diam eter  
dual mode horn and th e su b r e fle c to r  were a lig n ed  u sin g  the g ig  and th e method 
d escrib ed  in  S e c tio n  7 .2 ,  th e experience gained in  the primary feed  alignm ent p rocess  
being  d ir e c t ly  a p p lica b le  in  th e  r e f le c to r  environm ent. The su b r e f le c to r  w as.p ivo ted  
from the paraboloid  a x is .b y  5° in. th e  d ir e c t io n  away from the horn and the horn was 
moved by rea d ju stin g  the te le s c o p ic  tr ip o d  le g s  u n t i l  the horn p iv o t  was c o r r e c t ly  
p o s it io n e d . The tr ip o d  le g s  were locked in  p o s it io n , th e j i g  was removed and the  
su b r e fle c to r  p iv o ted  back to  i t s  i n i t i a l  p o s it io n . The hyperboloid  a x is  was thus  
a lig n ed  w ith  th e  horn a x is  and both were a t  an angle o f  27^ to  th e p arab olo id  a x is .
E - and H-plane ra d ia tio n  p a ttern s were p lo t te d  w ith  the horn o f f s e t  from th e  
hyperboloid  a x is  by 0 ° , 3° and 6 °.
The 37° o f f s e t - f e d  C assegrain  feed  was s e t  up vising the j i g  in  a s im ila r  w ay 'to  th a t  
d escrib ed  fo r  the 27° su b r e fle c to r . The su b r e f le c to r  in  t h is  case  was p iv o ted  from 
th e  paraboloid  a x is  by 5° in  the d ir e c t io n  towards th e horn b efore  th e j i g  was 
f i t t e d .  The s l o t  in  the r e f le c to r ,  through which the horn protruded, had t o  be 
lengthened to  perm it th e horn t o  be a lig n ed  c o r r e c t ly . The o b stru c tio n  caused by a 
c ir c u la r  ’fo o t '  which anchored one o f . the main support members o f  th e  r e f le c t o r  
prevented len gthen ing  the s l o t  enough to  enable the horn to  be o f f s e t  by 4°  and 6 ° . .- 
Consequently i t  was on ly  p o s s ib le  to  p lo t  E~ and H-plane r a d ia tio n  p a ttern s  fo r  the  
37° su b r e fle c to r  w ith  the horn o f f s e t  a t an angle o f  0 ° . I t  should be noted  th a t  th e  
sym m etrical nature o f  the r e f le c to r  backing s tru c tu re  made i t  im p ossib le  t o  a l l e v ia t e
th e problem by rev ersin g  the sen se  o f  th e  apparatus.
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The mam reat/ure ox uxie uxj-^co—x^ -ia —  -------0.._ ._
reducing th e  t o t a l  a e r ia l  n o ise  temperature by asym m etrically  d is tr ib u t in g  th e  hern  
s p i l lo v e r  w ith  resp ec t to  the main lo b e . In order to  v e r i f y  t h is  i t  i s  e s s e n t ia l  
to  measure th e secondary r a d ia tio n  p a ttern s  in  a plane perpendicu lar to  th e  "o f f s e t  
p la n e w. J u st as the primary feed  r a d ia tio n  p a ttern s in  th e "o f f s e t u and hsymmetrical* 
p lan es y ie ld  inform ation about th e  d is tr ib u t io n  o f  energy from th e  su b r e f le c to r  onto  
th e  r e f le c t o r  su r fa ce , th e  secondary r a d ia t io n  p a ttern s in  the  ^o f f s e t *  and 
sym m etrical1 p lan es y ie ld  important inform ation on-the d is tr ib u t io n  o f  energy in  the  
main lobe reg io n , in  th e  s id e lo b e s  and in  th e  in te r e s t in g  reg io n  co n ta in in g  the s p i l l ­
over energy from the horn p a st th e s u b r e f le c to r .
The apparatus was rearranged w ith  th e horn and su b r e fle c to r  turned through 90°. This 
co n fig u ra tio n  can be d ir e c t ly  compared w ith  th e  "symmetrical plane" primary feed  
measurements d escrib ed  in  S e c tio n  7 .2 .
The 37° su b r e fle c to r  was s e t  up f i r s t .  The'tetrap od  mounting p la te  arrangement 
enabled the su b r e fle c to r  and i t s  p iv o t  to  be im m ediately s e t  up w ith  - th e  - fo c a l  p o in t  
c o r r e c t ly  p o s it io n e d . The 6 in  dual mode horn was supported approxim ately in  
p o s it io n  by the te le s c o p ic  tr ip o d , which was attached  ■ to  th e s id e  o f  th e horn by th e  
p iv o t  p in  as b e fo re . The j i g  was employed to  a lig n  th e  horn and su b r e f le c to r  u sin g  
-the same technique as d escrib ed  fo r  the 'o f f s e t  p lan e ' measurement. Once a lig n ed , 
th e  horn tr ip o d  was f ix e d , th e  j i g  was.removed and th e  su b r e fle c to r  was p o s it io n e d  
w ith  i t s  hyperboloid  a x is  s e t  a t an angle o f  37° to  th e hyperboloid  a x is .  A s l o t  was 
cu t in  th e  r e f le c to r  su rface to  enable th e horn t o  p iv o t  in  a v e r t ic a l  p la n e . The 
receive-w aveguide was connected t o  the horn in  e x a c t ly  th e same way as d escr ib ed  
p rev io u sly . E- and H-plane r a d ia t io n  p a ttern s we re p lo t te d  w ith  th e horn o f f s e t  by 
an gles o f  0° and 4 ° .
The 37° su b r e fle c to r  was rep laced  by th e  27° su b r e fle c to r  and the above alignm ent 
procedure was repeated . E- and H-plane r a d ia tio n  p attern s were p lo t te d  w ith 'th e  6 in  
dual mode horn o f f s e t  by an angle o f  3 ° .
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ILLUMINATED BY 27° SUBREFLECTOR WITH 8 INCH DIAGONAL HORN 
(a) OFFSET 3 '  (b) OFFSET 6°
-1 3 -9 9
-1 0 -3 9
- 7 - 2 6
- 4 - 6 9
~ 2'11
- 1 - 2 5
. - 0 - 3
FIG.7.1 (a) Horn o f f s e t  3°
- 8 - 1 7
- - 3 * 1 6
- 1 - 4 8
r O - 3 6
FIG.7.1 (b) Horn o f f s e t  6°
7 6
8 .1  C o -a x ia l Feed R adiation  P attern s
The r a d ia t io n  pat/terns obtained from t/ns model Goonhil’iy  feed  are shown In P ig s . 1 
and 2 on Drawing RES 40901 Sh 1. The G oonhilly  a e r ia l  has an aperture angle o f  
140° which i s  comparable w ith  the 147° aperture angle o f  the experim ental 14 f t  
parab olo id .
The H-plane p a ttern , F ig . 1 , dem onstrates th a t a p e r f e c t ly  sym m etrical energy  
d is tr ib u t io n  can be achieved . The f i e l d  l e v e l  a t  i  50° i s  —3 dB r e la t iv e  to  th e  
main lob e maximum* and a t  ±  7 3 .5 °  th e r e la t iv e  l e v e l  i s  -1 0  dB. T h ereafter the  
r a d ia tio n  tap ers s t e a d i ly  as the angle o f f  a x i s . in crea ses  w ith  r e la t iv e  l e v e l s  o f  
-3 0  dB measured a t  ±  120° and -4 0  dB a t 180°. N u lls  are c le a r ly  d efin ed  a t  ±  150° 
and ±  175°.
The E-plane p a ttern , F ig . 2 , i s  a ls o  p e r fe c t ly  sym m etrical in  the main lo b e  re g io n
and c lo s e ly  resem b les:th e  H-plane p a ttern . The le v e l  a t i  50° i s  —30 dB and a t
i  7 3 .5 °  the r e la t iv e  le v e l  i s  -1 2 .5  dB. The c h a r a c te r is t ic  fea tu re  o f  th e  E-plane
p a ttern  o f  th e c o -a x ia l  feed  i s ' t h e  extrem e2y  sharp r a d ia tio n  ta p er . This a r is e s  a s.
a r e s u l t  o f  th e in ter feren ce  betw een'the two separated f i e ld s  in  th e  E-plane gi th e
c o -a x ia l  aperture. The dim ensions o f  th e  inner and outer waveguides can norm ally be
s e le c te d  such th a t the TEjj c o -a x ia l  mode produces a c a n c e lla t io n  o f  f i e l d  a t  about
90°. This produces a sharp r a d ia tio n  tap er beyond the aperture angle  o f  the
r e f le c to r  and a ls o  reduces th e rearward r a d ia t io n . I t . i s  p o s s ib le  w ith  th e c o -a x ia l
aperture to  ach ieve a red u ction  o f  about 10 dB in  the s p i l lo v e r  and rearward
r a d ia t io n  compared w ith  an E-plane p a ttern  o f  a c ir c u la r  aperture having th e  same 
19o v e r a ll  dim ensions.
*A11 subsequent r a d ia tio n  l e v e ls  are " r e la t iv e  t o  th e  main lo b s  maximum" u n le ss  o th erw ise  
s ta te d .
19 RAVENSCROFTI.A, KCESE A G D and KNOX DM: Loc. C i t . ,  pp 351-352.
sharp r a d ia tio n  taper and n u ll  a t  -100° can be seen  in  P ig . 2 on Drawing RES 40904 
Sh 1 . The back r a d ia tio n  i s  s l i g h t l y  asym m etrical but s in c e  th e d iffe r e n c e  i s  on ly  
about 5 dB a t  a r e la t iv e  le v e l  o f  -3 0  dB t h i s  i s  in s ig n if ic a n t .  The reason  fo r  th e  
d iffe r e n c e  in  l e v e ls  o f  th e backward r a d ia tio n  i s  p o s s ib ly  due to  s l ig h t  e c c e n tr ic ­
i t y ,  in  the p o s it io n  o f  the tapered  in ser t.w h ich  i s  h eld  in  p o s it io n  by p o ly zo te  
d is c s .
A 4-g- in  diam eter c ir c u la r  fla n g e  p o sitio n ed , behind the aperture r e f l e c t s  the  
rearward r a d ia tio n  such th a t the forward r a d ia t io n  i s  th e v e c to r  sum o f  th e o r ig in a l  
forward f i e l d  and th e r e f le c t e d  r a d ia t io n . The f la n g e :e f f e c t iv e ly  broadens th e  main 
lob e and g iv e s -th e  f la t -to p p e d  shape to  the r a d ia t io n  p a tte r n  in  both  p la n es.
8 .2  Symmetrical C assegrain  S u b re flec to r  R adiation  P atterns
The r a d ia t io n  p a ttern s obtained from the sym m etrical su b r e fle c to r  are shown in  P ig s ,  
l  t o  4  on Drawing RES 40904 Sh 2 .
P ig s . 1 and 2 rep resen t th e  E - and H-plane p a ttern s fo r  th e  sym m etrical su b reflector .;.' 
fed  by th e  dual mode horn. The E-plane p a ttern  i s : f la t - to p p e d , th e  l e v e l  a t  +  60° 
being reduced by o n ly  1 .5  dB. However the r a d ia tio n  th en  tap ers r a p id ly  to  g iv e  a 
l e v e l  o f  -1 0  dB a t  i  7 3 .5 °  and -2 5  dB a t i  100°. The gen era l le v e l  o f  back rad ia­
t io n  i s  -3 0  dB w ith  p ea k s:to  -2 5  dB.
A comparison o f- th e  E^-plane r a d ia t io n  p a ttern  fo r  th e  dual mode horn and th e E-plane  
s p i l lo v e r  energy o f  P ig . 1 , i l lu s t r a t e s  th a t th e  n u l ls  in  th e horn p a ttern  at- ±  25° 
and ±  35° correspond e x a c t ly  t o  th e  n u l ls  , in  th e  s p i l lo v e r  a t  ±  145° and ±  155°.
The s p i l lo v e r  energy i s  s l i g h t l y  asym m etrical due to  d i f f r a c t io n  e f f e c t s  however i t  
i s  assumed th a t th e peak between th e-tw o  n u lls  a t ±  145° and 1: 155° occurs a t  a l e v e l  
o f  -1 9  dB. The corresponding, peak in  th e dual mode horn r a d ia tio n  p a tte r n  between  
— 25 and i  35 i s  a t  a le v e l  o f  -3 8  dB r e la t iv e  to  th e  horn maximum. This in d ic a te s  
th a t  th e p e a k s 'o f  the s p i l lo v e r  r a d ia tio n  a t  ±  165° are a t a l e v e l  o f  -1 9  dB r e la t iv e  
t o  the horn maximum. This r e s u lt  agrees w ith  the horn r a d ia tio n  p a tte r n  which
subreD .ector r a d ia tio n  p attern . A lso  i t  can be seen  from the s p i l lo v e r  energy th a t  
a le v e l  o f  -1 0  dB r e la t iv e  to  th e  s p i l lo v e r  peaks occurs a t  a n g les  o f  +  160°. This 
corresponds to  the horn r a d ia t io n  p a ttern  a t  ±  20° and in d ic a te s  a l e v e l  o f  approx­
im ately  -2 9  dB r e la t iv e  to  th e  horn maximum. The foregoing  confirm s th a t  the  
s p i l lo v e r  energy peaks a t  ±  165° occur a t a l e v e l  o f  -1 9  dB r e la t iv e  to  the horn 
maximum, and th a t  th e su b r e f le c to r  main lob e maximum, which i s  about 1 .5  dB higher  
than the s p i l lo v e r  peaks, i s  a t  a l e v e l  about -1 7 .5  dB r e la t iv e  to  th e  horn maximum. 
The computed r e s u l t :in d ic a te s  a r e f le c te d  maximum le v e l  o f  -1 7 .0 4  dB r e la t iv e  to  th e  
horn maximum so  th a t the measured and.computed r e s u lt s  are in  good agreement.
The H-plane s p i l lo v e r  p a ttern , shown in  P ig . 2 , a ls o  agrees w ith  th e  H-plane dual 
mode horn p a ttern . N u lls  are in  evidence a t ±  140° and a t  ± 1 5 0 °  and th e  in terven in g  
peaks a t  ±  145° are a t  a le v e l  o f  about -1 6  dB. This corresponds. e x a c t ly  t o  th e  
second horn s id e  lo b es , which occur a t  a l e v e l  o f  -3 5  dB r e la t iv e  t o  th e horn maximum. 
The s p i l lo v e r  peaks in  the H-plane are thus a t  a l e v e l  o f  -1 9  dB r e la t iv e  t o  th e  horn 
maximum which agrees w ith  th e E-plane r e s u l t .
The am plitude o f  th e r ip p le  occurring in  th e forward energy in  th e r eg io n  0° ±  60° i s  
l e s s  pronounced in  the H-plane but th e an g les a t which th e  peaks and troughs occur  
correspond e x a c t ly  to  th o se  in  th e  E -p lane. The d if f r a c t io n  p a ttern s - fo r  th e  E-- and 
H -planes are s u b s ta n t ia l ly  th e  same although in  th e E-plane th ey  are suppressed  in  
l e v e l  by up to  8 dB r e la t iv e  to  th e corresponding H -plane.
The r a d ia t io n  p a ttern s obtained from th e sym m etrical su b r e fle c to r  when fed  by th e  
d iagon al horn are shown in  P ig s . 3 and 4 . The r a d ia tio n  in  the main lob e and s p i l l ­
over reg io n s i s  e s s e n t ia l ly  the same in  th e  B- and H-plane which in d ic a te s  c ir c u la r  
symmetry about the horn and h yp erb o lo id . a x is .  The p e r io d ic ity  o f  the r ip p le  on th e  
main lobe i s  the same as th a t observed in  P ig s . 1 and 2 . The main lobe shape i s  l e s s  
f la t-to p p e d  due to  th e in creased  r a d ia t io n  tap er a t  th e periphery o f  th e  s u b r e f le c to r .  
This a ls o  accounts fo r  the lower le v e l  o f ■the s p i l lo v e r  peaks.
8 .3 .1  ." O ffset Plane" Measurements
The r a d ia t io n  p a ttern s fo r  th e 27'" su b r e fle c to r  fed  w ith  the dual mode horn are 
shown in  P ig s . 1 to  6  on Drawing RES 40904 Sh 3.
The ray path diagram fo r  th e  27° su b r e f le c to r , P ig . 5 .1 ,  shows th a t a horn 
o f f s e t  o f  52° w i l l  cause th e horn a x i s :to  b is e c t  the t o t a l  angle o f  23°  
subtended by the su b r e fle c to r  periphery  and w i l l  g ive  r i s e  to :eq u a l illu m in a ­
t io n  o f  th e edges o f  th e  su b r e fle c to r  in  the " o f fs e t  plane". .In  t h is  co n d itio n  
th e  s p i l lo v e r  r a d ia t io n  should be sym m etrically  d isposed  about th e su b r e f le c to r  
and a ls o  s in c e  th e  27° su b reflecto r , dim ensions are s im ila r  to  th o se  o f  th e  
sym m etrical su b r e fle c to r  th ere  should be some s im ila r ity  between th e  s p i l lo v e r  
p a ttern s fo r  the two su b r e f le c to r s .
The forego in g  fea tu res  are observed in  P ig . -5 on Drawing RES 40904 Sh 3 .which  
show s:the E-plane r a d ia t io n  p a ttern  fo r  th e  27° su b r e fle c to r  w ith  th e  horn 
o f f s e t  by 6 ° . The s p i l lo v e r  r a d ia tio n  in  both p lanes i s . sym m etrical w ith  l e v e l  
peaks and a deep n u l l  a t  -1 5 3 ° . The s p i l lo v e r  p a t te r n :i n ■th e E -plane bears a 
strong resemblance to  the E-plane s p i l lo v e r  p a ttern  fo r  th e  sym m etrical 
C assegrain  su b r e fle c to r  ■ in  P ig . 1 on Drawing RES 40904 Sh 2 , and when super­
imposed th e two p attern s agree w e ll  over a t o t a l  o f  70° ie  from +  145° to  130° 
in  P ig . 1 . The s p i l lo v e r  p a ttern  in  th e H-plane P ig . 6 on Sh 3 i s  a ls o  very  
s im ila r  to  the H-plane s p i l lo v e r  o f  P ig . 2 on Sh 2 . This i s  p a r t ic u la r ly  tru e  
i i r t h e  reg ion  -140° to  180° in  P ig . 2 on Sh 2 and th e corresponding r eg io n  -115°  
to  -155° in  P ig . 6 on Sh 3 where the l e v e l s  o f  th e  peaks and n u lls  are id e n t ic a l  
fo r  both s p i l lo v e r  p a tte r n s . This in d ic a te s  th a t  the s p i l lo v e r  peaks in  P ig . 6 
on Sh 3 are a t  a le v e l  -1 9  dB r e la t iv e  t o  th e  horn maximum. The peak o f  th e  
main r a d ia tio n  i s  approxim ately 2 .5  dB above th e  s p i l lo v e r  peaks which agrees  
w e ll w ith  the computed p attern . The computed maximum le v e l  i s  - 1 6 .7  dB r e la t iv e  
to  the horn maximum ie  2 .3  dB above the s p i l lo v e r  peaks.
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c ir c u la r  horn o f f s e t  by 0 ° , 3~ and 6° are in  good agreem ent■to  a le v e l  o f  
-2 0  dB. The in ter feren ce  r ip p le  on the forward r a d ia tio n  i s  l e s s  pronounced in  
th e  H-plane than in  th e E-plane but when p resen t th e  peaks and n u l ls  occur a t  
.orresponding a n g le s . This i s  a ls o  true o f  th e  peaks and n u lls  o f  the in te r ­
feren ce  p a ttern  th a t occur in  the reg io n  70° to  130°.
The r a d ia tio n  p a ttern s  obtained from th e 32° and 37° su b r e fle c to r  when 
: illu m in a ted  w ith  th e  two feed  horns are shown on Drawing RES 40804 Shs 5 to  8. 
These p a ttern s ■ have many fea tu res  which are common to  those obtained  from the  
27° su b r e fle c to r  and fo r  t h i s  reason  a d e ta ile d  d e sc r ip tio n  o f  th e r e s u l t s  
obtained from each su b r e fle c to r  i s  not n ecessa ry . A b r ie f  summary, to g eth er  w ith  
computed r e s u lt s  o f  gain  fa c to r  and illu m in a tio n  e f f ic ie n c y  fo r  each su b r e f le c to r  
: i s  s u f f i c ie n t  to  i l l u s t r a t e  the main d if fe r e n c e s .
A ll  th ree  su b r e fle c to r s  g ive  r i s e  to  a f la t -to p p e d  ra d ia tio n  p a ttern  w ith  a horn 
o f f s e t  angle th a t sends the maximum r e f le c te d  energy approxim ately along th e  
paraboloid  a x is .
As the su b r e fle c to r  angle i s  in creased  (from 27° to  37°) th e  s p i l lo v e r  r a d ia tio n  
i s  d ir e c te d  fu rth er  from th e 180° a x is ,  and th e  s p i l lo v e r  r a d ia t io n  p a tte n :  i s  
broadened s l i g h t ly .
The r a d ia tio n  in  the reg io n  -7 0 °  to  -1 1 0 ° in crea ses  in  l e v e l  as th e  hyperboloid  
o f f s e t  angle in c r e a se s .
The r a d ia tio n  p a ttern  main lobe shapes fo r  corresponding horn o f f s e t  a n g les  are 
in  good agreement - fo r  a l l  th ree  su b r e fle c to r s  when the hyperboloid  axes are made 
c o in c id e n t.
8 .3 .2  "Symmetrical Plane" Measurements
The primary r a d ia tio n  p attern s measured in  th e "symmetrical plane" are shown cn ' 
Drawing RES 40904 Shs 9 and 10.
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horns o f f s e t  by var iou s an g les in  th e range 0° to  6° on ly  th o se  p a ttern s  
obtained w ith  th e  feed  horn o f f s e t  by 3° fo r  the 27° su b r c fle c to r  and 4° fo r  
th e 32° and 37° su b r e fle c to r s  are shown. These are considered  to  be the most 
s ig n i f ic a n t  p a ttern s in  th e  l ig h t  o f  th e previous measurements.
.P ig s , l  and 2 on Sh 9 i l lu s t r a t e  th e  E-plane and H-plane r a d ia t io n  p a ttern s  fo r  
'th e  27° su b r e fle c to r  fed  w ith  th e dual mode horn. The r a d ia tio n  p a tte r n s  were 
p lo t te d  o v er 'th e  ■ f u l l  range 0 ° ' t o  ±  180° but th e most in te r e s t in g  range i s  
0° ±  120° s in c e  t h is  g iv es  the illu m in a tio n  over th e  paraboloid  aperture angle  
and th e  r a d ia tio n  taper beyond the parabolo id  periphery. The rearward r a d ia tio n  
beyond +  120° i s  fr e e  from horn s p i l lo v e r  and th e average r a d ia t io n  l e v e l  i s  
about -2 0  dB. The r a d ia t io n  in  th e  H -plane, P ig . 2 , over th e range 0° t o  i  60° i s  
alm ost con stan t in  le v e l  w ith  on ly  a s l ig h t  am plitude r ip p le  o f  ±  0 .5  dB and
-w ith \a  l e v e l  o f  -3  dB a t  i  60°. The r a d ia tio n  tap ers to  l e v e l s  o f  -1 0 .5  dB a t
i  7 3 .5 °  and approxim ately -2 5  dB a t  i  120°.
The E-plane r a d ia t io n  p attern , P ig . 1 , e x h ib it s  the sains le v e l  a t  ±  60° as i s  
observed in  th e H -plane. The d ip  in  the p a ttern  a t 0° i s  absent in  th e  E-plane  
and a more marked r a d ia tio n  tap er , i s  recorded in  th e reg ion  ±  60° t o  ±  120° 
w ith  le v e ls  o f  -1 2 .5  dB a t i  7 3 .5 °  and -3 0  dB a t  i  120°. The rearward r a d ia t io n  
in  the reg io n  ±  120° to  180° i s  about -5  dB below th e H-plane r a d ia t io n  in  th e  
same reg io n .
The E- and H-plane r a d ia tio n  p attern s over th e main lobe reg io n  0° ±  70° are
alm ost id e n t ic a l  t o  th o se  measured in  th e  " o f fs e t  plane" which in d ic a te s  th a t  the
su b r e fle c to r  r a d ia tio n  i s  approxim ately c ir c u la r ly  sym m etrical, d jr  th e  H -plane 
th e  "symmetrical plane" p a ttern  (P ig . 2 , Sh 9) agrees w ith in  ±  2 dB w ith  th e  
" o ffs e t  plane" p a ttern  (P ig . 4 , Sh 3) over the whole reg ion  0° ±  1 20°. In th e  
E~plane th e r a d ia tio n  tap er  in  the " o f fs e t  plane" p a ttern  (P ig . 3 , Sh 3) i s  
grea ter  than in  the "symmetrical plane" p a ttern  (P ig . 1 , Sh 9) in  th e re g io n
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o f  about 5 dB a t -1 0 0 ° . In  th e reg io n  70° to  120° the r a d ia tio n  taper i s  mare 
marked in  the "symmetrical plane" and the op p osite  s i tu a t io n  e x i s t s  w ith  the  
" o ffs e t  plane" p a ttern  which i s  about 5 dB higher in  le v e l  a t 120°.
P ig s . 1 and 2 on Sh 10 show th e  E- and H-plane r a d ia tio n  p a ttern s fo r  th e  27° 
su b r e fle c to r  fed  w ith  th e d iagon al horn. S im ila r  d if fe r e n c e s  are observed  
•between th e  dual mode horn and d iagon al horn r a d ia t io n  p a ttern s  in  the  
"symmetrical plane" a s .a r e  observed in  the " o ffs e t  plane", namely a more 
rounded main lobe shape and more rap id  r a d ia t io n  tap ers beyond li: 60°. The 
r a d ia tio n  over th e main lobe i s  v ir t u a l ly  id e n t ic a l  in  both th e  "symmetrical 
plane" and th e " o ffs e t  plane" which again  in d ic a te s  c ir c u la r  symmetry o f  th e  
energy r e f le e te d  from the su b r e fle c to r . In  th e H-plane the r a d ia t io n  p a ttern s
• in -th e  " o f fs e t  plane" (P ig . 4 , Sh 4 )  and in  th e  "symmetrical plane" (P ig 2,
Sh 10) are id e n t ic a l  in  th e  reg io n s 0° t o  120° and 0° to  -6 5 ° . Between -6 5 °  
arid 120° the r a d ia t io n : in  - th e  " o f fs e t  plane" ta p ers more r a p id ly  and th e 'tw o  
p a ttern s d iverge t o  g iv e  a maximum le v e l  d if fe r e n c e  o f  about 5 dB a t  -1 2 0 ° .
In the E-plane the agreement between the "symmetrical plane" p a ttern , (P ig . 1 ,
Sh 10) and the " o ffse t  plane" p a ttern  (P ig . 3 , Sh 4 )  i s  good in  th e  reg io n s 0°
t o  —120° and 0° to  80°. Between 80° and 120° th e "symmetrical plane" p a ttern  
tap ers more ra p id ly  which r e s u lt s  in  a .lev e l d iffe r e n c e  o f  about 4 dB a t  120°.
The r a d ia t io n  p a ttern s measured w ith  th e  32° and 37° su b r e fle c to r s  fed  w ith  th e  
dual mode horn are shown in  P ig s . 3 to  6 on Drawing RES 40904 Sh 9. Although 
th e  general c h a r a c te r is t ic s  are s im ila r  to  those obtained  w ith  th e  27° 
su b r e fle c to r  some s p e c ia l  fea tu res  are observed:
The d ip  which occurs on a x is  in  the H-plane w ith  th e 27° and 37° s u b r e f le c to r s  
i s  rep laced  by a peak w ith  the 32° s u b r e f le c to r .
The main lobe r ip p le  in  th e  H-plane v/ith th e  37° su b r e fle c to r  has a la r g e r  
amplitude (about +  1 dB).
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approxim ately :t 100° which g iv es  r i s e  t o  a sharp r a d ia tio n  tap er  beyond i  80°.
The r a d ia tio n  p a ttern s  measured v/ith th e 32° and 37° su b r e fle c to r s  fed  v/ith  
th e d iagon al horn are shown in  F ig s . 3 to  6 on Drawing RES 40904 Sh 10. These 
p a ttern s have v ir t u a l ly  th e same c h a r a c te r is t ic s  as th ose  measured w ith  the 27°
. su b r e f le c to r .
8 .3 .3  "Symmetrical Plane" S p illo v e r  Measurements
The s p i l lo v e r  r a d ia t io n  p attern s measured in  th e  plane perpendicu lar t o  the  
" o ffs e t  plane" and co in c id en t w ith  the horn a x is  over the angular range ±  120° 
to  180° are shown in  F ig s . 1 t o  6 on Drawing RES 40904 Sh 11. These p a ttern s  
are d efin ed  as "symmetrical plane" s p i l lo v e r  r a d ia tio n  p a tte r n s .
: i t  i s  p o s s ib le  t o  compare th e  "symmetrical plane" s p i l lo v e r  p a ttern s  fo r  th e  
th ree  s u b r e f le c to r s .w ith  the s p i l lo v e r  measured in  th e  " o ffse t  p lanes" by 
superim posing th e  corresponding r a d ia tio n  p a tte r n s . In each case  th e symmetrical 
s p i l lo v e r  r a d ia tio n  p a ttern  i s  s l i g h t l y  narrower than th a t measured in  th e  
" o ffs e t  p lane" , however the d if fe r e n c e  .is r a r e ly  more than a degree or two and 
t h i s . in d ic a te s  th a t  the s p i l lo v e r  i s  e s s e n t ia l ly  d is tr ib u te d  sym m etrica lly  about 
th e  horn a x is .  The symmetry extends in  most ca ses  beyond th e  s p i l lo v e r  peaks to  
'th e  l i m i t s .o f  th e  d i f f r a c t io n  p a ttern  a t ±  120°..
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The secondary ra d ia tio n  p a ttern s obtained v/ith th e variou s a e r ia l  co n fig u ra tio n s  are 
shown on Drawing RES <10905 Sh 1 -11 . A d e ta ile d  d e sc r ip tio n  i s  g iven  below o f  the  
r a d ia t io n  p a ttern s obtained from th e  c e n tr e -fed  a e r ia l ,  the sym m etrical C assegrain a e r ia l  
and th e o f f s e t - f e d  C assegrain  a e r ia l  v/ith  th e  27°  su b r e f le c to r .
9 .1  .C en tre-fed  A e r ia l R ad iation  P attern s
The E~ and H-plane p a t t e r n s a r e  show n.in P ig s . 1 and 2 on Drawing RES 40905 Sh 1.
The s id e lo b e  s tru ctu re  o f  th e  H-plane r a d ia tio n  p a ttern  i s  alm ost p e r fe c t ly  
sym m etrical in  the reg io n  0° ±  10°. The f i r s t  s id e lo b e  i s  v i s ib l e  on th e 3.eft hand 
s id e  (IPS) a t a le v e l  -15  dB r e la t iv e  to  th e  main lobe maximum. The second s id e ­
lob e i s  v i s ib l e  on both  th e I£B and RES a t  a l e v e l  o f  -2 3  dB. The remainder o f  th e  
n e a r -s id e  lob es grad u ally  taper t o  a l e v e l  o f  -4 5  dB a t  ±  1 0°. The main lob e i s  
sym m etrical to  th e le v e l  o f  th e peak o f  th e  f i r s t  s id e lo b e . The - 3  dB and -1 0  dB 
heamwidths are 0 .4 5 °  and 0 .7 5 ° r e s p e c t iv e ly . The -2 0  dB bearnwidth which in c lu d es  
th e  f i r s t  s i d e l o b e s i s  1 .3 ° .  The s id e lo b e  s tru c tu re  beyond i  10° decays to  a l e v e l  
o f  about -5 5  dB a t  ±  3 0°, th e r e a fte r  the le v e l  v a r ie s  r a p id ly  w ith  peaks to  about 
-5 3  dB. The h igh  le v e l  r a d ia t io n  between ±  90° and ±  110° i s  due t o  d i f f r a c t io n  
e f f e c t s  a t  the edge o f  the p arabolo id . Beyond ±  110° th e rece iv ed  s ig n a l  i s  below  
th e  n o ise  o f  th e  r e c e iv in g  system  and the p lo t t e r  recorded a con stan t l e v e l  o f  about 
-6 3  dB. The rearward r a d ia t io n  i s  r e la t iv e ly  h igh  w ith  peaks t o  -5 0  dB.
The .E-plane r a d ia tio n  p a ttern  i s  shown in  P ig . 2 . The main lobe i s . sym m etrical t o  
th e  l e v e l  o f  th e  f i r s t  s id e lo b e  which appears on-the LHS o f  the p a ttern  a t  a 3.evel o f  
-1 1  dB. The corresponding l e v e l  o f  the f i r s t  s id e lo b e  on th e  RES o f  th e  p a tte r n  i s  
-1 6  dB. The -3  dB and -1 0  dB beamwidths are 0 .3 5 °  and 0 .6 8 ° r e s p e c t iv e ly .  The -2 0  dB 
bearnwidth which in clu d es th e  f i r s t  s id e lo b e s  i s  1 .7 ° .  This inform ation i s  summarised 
to g eth er  w ith  th e H-plane r e s u lt s  in  Table 9 .1 .
*A11 subsequent r a d ia tio n  le v e ls  are " r e la t iv e  to  the main lobe maximum" u n le ss  o th erw ise  
s ta te d .
p a ttern  w ith s l i g h t l y  lower le v e ls  in  the reg ion  ±  30° t o  180°.
TABLE 9 .1  MIN LOBE BEAMV/IDTHS OP 14 FT DIaMETER CENTRE-PED AERIAL WITH. CO-AXIAL 
PEED, FREQUENCY 1 1 .1  GHz
Main lobe  
le v e l  
r e la t iv e  t o  peak
Bearnwidth (degrees)
H-plane E-plane
-  3 dB 0 .4 5 0 .3 5
-1 0  dB 0 .75 0 .6 3
-2 0  dB in clu d in g 1 .3 0 1 .7 0
f i r s t  s id e lo b e s
9 .2  Symmetrical C assegrain  A e r ia l R ad iation  P attern s
The E- and H-plane r a d ia tio n  p a ttern s are shown in  P ig s . 1 and 2 on Drawing 
RES 409C6 Sh 2 . The H-plane r a d ia tio n  p a ttern  e x h ib its  a sym m etrical main lobe to  
th e  l e v e l  o f  th e  f i r s t  s id e lo b e . which appears a t a l e v e l  o f  -1 8  dB. Tne n ea r-  
s id e lo b e s  are approxim ately sym m etrical on theLH S and RHS o f  th e  r a d ia t io n  p a ttern  
and tap er  r a p id ly  t o  a le v e l  o f  -4 0  dB a t  i  5 ° . S u b reflec to r  s p i l lo v e r  appears a t  
about +  3° and reaches a peak le v e l  o f  -3 8  dB a t  i  15°. The s id e lo b e  s tru c tu re  i s .  
p e r fe c t ly  sym m etrical w ith  peaks and n u l ls  a t . corresponding an g les on th e LHS and 
RHS o f  th e p a ttern . Deep n u lls  are in  evidence a t  ±  18° and ±  24° w ith  an in te r ­
vening peak a t i  2 0°. The s id e  lo b es have peaks to  -4 9  dB up to  +  40° a f te r  which  
th e  peak le v e l  i s  reduced by 6 dB up to  ±  100° when the d if f r a c t io n  e f f e c t  a t  mhe 
periphery  o f  the paraboloid  l i f t s  th e gen era l r a d ia t io n  l e v e l  v /ith  p e a ls  to  -5 5  dB. 
Beyond ±  110° th e  rece iv ed  le v e l  i s  in  th e main below -6 8  dB, v/ith  p e a ls  t o  -5 8  dB 
in  th e  re g io n  ±  140° t o  180°.
The E-plane r a d ia tio n  p a ttern  i s  shown in  F ig . 2 on Sh 2 . The main lob e i s  
sym m etrical to  th e peak o f  the f i r s t  s id e lo b e  which occurs a t a l e v e l  o f  -1 6  dB. The 
-3  dB and -1 0  dB beamwidths are 0 .4 2 ° and 0 .6 6 °  r e s p e c t iv e ly  and th e r e fo r e  th e  main 
lobe i s . s l i g h t l y  narrower in  the E-plane. This inform ation i s  summarised to g e tn er  
w ith  th e H-plane r e s u l t s . i n  Table 9 .2 .
xne suD reixeci/or sp ixxover ana s ia e io o e  stru ctu re  in  trie m-p±ane i s  s im ila r  t o  tn a t  
measured in  th e H-plans: th ere  are two ex cep tio n s , in  ohe E-plane the r a d ia t io n  
l e v e l  between ±  40° and ±  65° i s  h igher and the backward r a d ia tio n  in  th e  reg ion  
±  140° t o  180° i s  lower than in  the H-plane.
TABLE. 9 .2  MAIN LOBE BEAMW3DTHS OP 14 FT DIAMETER SYMMETRICAL CASSEGRAIN AERIAL WITH 
DUAL MCDE HCRN, FREQUENCY 1 1 .1  GHz
Main lob e  
l e v e l  
r e la t iv e  to  peak
Bearnwidth (d egrees)
. H-plane E-plane
-  3 dB 0 .4 5 0 .42
-1 0  dB 0 .74 0 .6 6
-2 0  dB in clu d in g 1 .2 0 1 .1 0
f i r s t  s id e lo b e s
.9 .3  O ffse t- fe d  C assegrain  A e r ia l R ad iation  P a ttern s.
The E- and H-plane r a d ia tio n  p a ttern s  obtained from th e o ffse t - fe d . C assegrain  a e r ia l  
w ith  th e  27° su b r e f le c to r  and 6 in  diam eter dual mode horn o f f s e t  0° are shown in  
F ig s . 1 and 2 on Drawing RES 40905 Sh 3 .
The main lobe o f  th e  H-plane p a ttern  i s  syrrinetrical t o  a le v e l  o f  -14  dB. The f i r s t
s id e lo b e  appears on the IH S .of th e  p a ttern  a t a l e v e l  o f  -1 5  dB. The -3  dB and -1 0  dB
beamwidths are 0 .4 5 °  and 0 .8 °  r e s p e c t iv e ly . The -2 0  dB bearnwidth in c lu d in g  th e f i r s t  
s id e lo b e s  i s  1 .4 5 ° . The s id e lo b e  d is tr ib u t io n  below -3 0  dB i s  not sym m etrical end a 
dominant fea tu re  i s  a peak o f  energy which r i s e s  t o  a l e v e l  o f  -2 5  dB on th e  RHS o f
th e  p a ttern  a t 6 ° . The s p i l lo v e r  r a d ia tio n  on th e  RHS between 8° and 21° c lo s e ly
resem bles th a t  measured in  th e H-plane o f  th e sym m etrical C assegrain  a e r ia l ,  w ith  a 
peak l e v e l  o f  -4 0  dB a t  1 5 ° , deep n u ll  a t  19° fo llow ed  by a su b sid ia ry  peak a t  2 0 ° . 
Between 20° and 50° th e r a d ia tio n  le v e l  i s  h igh  v/ith. a deep n u ll  a t  2 9 ° . T his n u l l  
approxim ately corresponds w ith  th e a x is  o f  the 27° su b r e f le c to r . Beyond 50° th e  
r a d ia tio n  le v e l  d im in ishes w ith  a sm all peak a t  a l e v e l  o f  -6 2  dB due to  r e f le c t o r
-6 9  dB. The peaks o f  th e  backward r a d ia tio n  in  th e reg io n  150° to  130° r i s e  to  a 
l e v e l  o f  -62  dB. The IHS o f  the p a ttern  beyond -1 0 °  i s .  e n t ir e ly  belcw  a l e v e l  o f  
-4 8  dB v/ith  a near, l e v e l  o f  about -5 8  dB. The peak o f  r a d ia t io n  a t  -1 0 0 ° , due Lo 
edge d if f r a c t io n , i s  a t  a l e v e l  o f  -5 0  dB. This i s  12 dB h igher than the correspond- 
■ ing  peak on th e  RHS, and r e s u lt s  from th e  h igh  illu m in a tio n  o f  th e  lower h a l f  o f  the  
paraboloid  w ith  th e feed  horn d ir e c te d . along th e s u b r e f le c to r . a x is . The! backward 
ra d ia tio n  in  th e  reg ion  -140° t o  180° i s  v ir t u a l ly  t o t a l l y  below -6 9  dB.
The E-plane r a d ia tio n  p a t te r n . i s  b a s ic a l ly  th e same as th a t  measured in  th e  H-plane 
over th e  reg io n  0° i  30° v /ith  a sym m etrical main lobe and -3  dB and -1 0  dB beamwidfhs. 
o f  0 .4 5 °  and 0 .8 5 °  r e s p e c t iv e ly . The -2 0  dB bearnwidth, in c lu d in g  th e  f i r s t  s id e -  
lo b e s , i s  1 .6 ° .  T h is .in fo rm a tio n .i s  summarised to g e th er  w ith  th e H-plane r e s u l t s  in  
Table 9 .3 .  The near s id e lo b e  stru c tu re  . i s  more complex than th a t o f  the H-plane but 
th e  peak a t  6° i s  absent in  th e E -plane.
TABLE 9 .3  M IN LOBE BEAMWIDTHS OF 14 FT DIAMETER OFFSET-FED CASSEGRAIN AERIAL WITH 
27° SUBREFLECTCR AND DUAL MODE HORN OFFSET 0 ° , "OFFSET PLANE", FREQUENCY 1 1 .1  GHz
Main lobe  
l e v e l  
r e la t iv e  to  peak
Bearnwidth (d egrees)
H-plane E-plane
. -  3 dB 0 .4 5 0 .4 5
-1 0  dB 0 .8 0 0 .8 5
-2 0  dB in c lu d in g 1 .4 5 1 .6 0
f i r s t  s id e lo b e s
The E- and H-plane r a d ia tio n  p a ttern s  measured In th e  " o f f s e t  plane" w ith  the feed  
horn o f f s e t  3° from the hyperboloid  a x is  o f  the 27° su b r e fle c to r  are shown in  F ig s .  
1 and 2 on Sh 4 . The main lob e in  th e H-plane i s  sym m etrical t o  a l e v e l  o f  -1 3  dB. 
The -3  dB and —10 dB beamwidths are 0 .4 5 °  and 0 .7 4 °  r e s p e c t iv e ly  and th e -2 0  dB 
bearnwidth i s  1 .4 2 ° . The prominent peak o f  energy a t  6° r i s e s  to  a l e v e l  o f  -2 9  dB.
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the RH3 o f  th e  r a d ia t io n  p a ttern . The su b r e fle c to r  s p i l lo v e r  energy in  th e reg ion  
10° to  50° d isp la y s  a c lo s e  s im i la r i t y  to  th a t  measured v/ith the horn d ir e c te d  along  
th e hyperboloid  a x is . The r a d ia tio n  beyond -1 0 °  i s  e n t ir e ly  below -5 0  dB w ith  an 
approximate mean le v e l  o f~ 6 0 d B . The d if fe r e n c e  between th e energy p e a k s .a t  ±  100° 
i s  reduced t o  6 dB because o f  the more even illu m in a tio n  o f  the p arab olo id  su r fa ce . 
The l e v e l s  , a t  100° and -100° are -5 8  dB and -5 2  dB r e s p e c t iv e ly .  In  common v/ith  the  
H-plane p a tte r n  th e r a d ia t io n .in  th e r eg io n  ±  110° t o  180° i s  alm ost e n t ir e ly  below  
-6 9  dB. •
The E-plane r a d ia t io n  p a t te r n . i s  s u b s ta n t ia l ly  the same as th a t measured in  th e  
H-plane w ith  -3  dB, -1 0  dB and -2 0  dB beamwidths o f  0 .4 2 ° , 0 .8 0 °  and 1 .4 8 °  r e sp e c t­
iv e ly .  This in form ation .i s  summarised to g e th er  w ith  th e  H-plane r e s u l t s  in  Table 9 .4 .  
The s id e lo b e  d is tr ib u t io n  d i f f e r s  from th a t  c f  th e  H-plane in  th e  reg io n  2° t o  8° and 
a n u l l  appears in  p la ce  o f  th e  H-plane peak a t  6 ° . The h y p erb o lic . s p i l lo v e r  in  th e  
reg io n  9° to  30° agrees w e l l  w ith  th a t  measured in  th e  H-plane but th e  . in te r fe r e n c e  
r ip p le  in  the E-plane p a t t e r n .is  more marked.,'
TABLE 9 .4  MAIN.LOBE BEAMWIDTHS CF 14 FT DIAMETER OFFSET-FED CASSEGRAIN AERIAL WITH 
27° SUBREFLECTCB AND DUAL MODE HORN OFFSET 3 ° , "OFFSET PLANE", FREQUENCY 1 1 ,1  GHz
Main lob e  
le v e l  
r e la t iv e  to  peak
Bearnwidth (degrees)
H-plane E-plane
-  3 dB 0 .4 5 0 .42
-1 0  dB 0 .7 4 0 .8 0
-2 0  dB in clu d in g 1 .4 2 1 .4 8
f i r s t  s id e lo b e s
The E- and H-plane r a d ia t io n  p attern s measured in  the "symmetrical plane" w ith  the  
feed  horn o f f s e t  3° from the hyperboloid a x is  o f  th e  27° su b r e fle c to r  are shown in  
F ig s . 1 and 2 on Sh 9 .  The H-plane main lob e id  sym m etrical to  a l e v e l  o f  -2 2  dB.
The —3 dB, —10 dB and —20 dB beamwidths are 0 .4 5 ° , 0 .8 5 °  and 1 ,5 5 °  r e s p e c t iv e ly .  The
symmetry i s  ev id en t beyond i  5 ° . A deep n u ll  e x i s t s  at i  6° fo llow ed 'b y  peaks o f  
energy a t i  7° th a t decay ra p id ly  t o  g ive  a l e v e l  o f  -5 0  dB at i  1 0 ° . The s id e lo b e  
stru ctu re  beyond dt 10° i s  not as sym m etrical as expected  but th e general l e v e l  up 
t o  ±  r0 °  i s  below -50  dB which i s  more than 10 dB below th e hyperbolic  s p i l lo v e r  
measured w ith  th e  sym m etrical C assegrain a e r ia l ,  The r a d ia tio n  in  th e  reg io n  
i  25° t o  i  100° bears a strong resem blance t o  th a t  measured w ith  th e  sym m etrical 
C assegrain  a e r ia l  w ith  a general radial ' . l e v e l  below -5 8  dB and peaks o f  energy  
a t ±  100° o f  about -55  dB. The r a d ia tio n  between ±  110° and 180° i s  con fin ed  below  
-6 5  dB w ith  la rg e  reg io n s where th e  measured energy le v e l  i s  below -7 0  dB.
The E-plane r a d ia tio n  p a ttern  i s  shown in  P ig . 2 on ShB . The main lob e i s  symmet­
r i c a l  t o  a l e v e l  o f  -1 1  dB. The -3  dB, -1 0  dB and -2 0  aB beamwidths are 0 .4 5 ° , 0 .8 7 °  
and 1 .6 4 °  r e s p e c t iv e ly . This in form ation  i s  summarised to g e th er  w ith  th e  H-plane 
r e s u lt s  in  Table 9 .5 .  The Emplane r a d ia tio n  p a tte r n  i s  s im ila r  t o  th e  H-plane 
p a ttern  in  th e in te r v a ls  between 0 °  and i  2 C and between i  5 °  and ±  10° however 
between i  2 °  and i  5° th e  s id e lo b e s  are suppressed in  th e  E-p.lane p a r t ic u la r ly  on th e  
RIB. The E-plane p a ttern  in  th e  reg io n  0 °  ±  6° i s  in  fa c t  very  s im ila r  t o  th e  
E-plane o f  th e  sym m etrical C assegrain  a e r ia l .  When th e  two r a d ia tio n  p a ttern s  are 
superimposed i t  i s  ev id en t th a t , w h ile  th e  o f f s e t - f e d  C assegrain  r a d ia tio n  p a tte r n  i s  
broader, th e main lobe envelope en c lo se s  t h e . sym m etrical C assegrain  s id e lo b e s  w ith  
th e  s id e lo b e  edges corresponding e x a c t ly  in  many reg io n s up t o  ±  6 .5 ° .  The super­
imposed p a ttern s a ls o  e x p la in  th a t  th e  prominent s id e lo b e  at 1 .3 °  i s  n ot a s p e c ia l  
fea tu re  o f  th e  o f f s e t - f e d  C assegrain a e r ia l  as i t  a ls o  e x i s t s ,  a lb e i t  d is to r te d , in  
th e  sym m etrical C assegrain  r a d ia tio n  p a tte r n . Trie E-plane r a d ia tio n  p a tte r n  fo r  th e  
o f f s e t - f e d  C assegrain  a e r ia l  in  th e  reg io n  ±  10° t o  db 30° i s  in  gen era l s l i g h t l y  
lower in  l e v e l  than th e  corresponding H-plane p a ttern  and w ith th e  e x c e p tio n  o f  a 
peak a t -2 7 °  th e  energy i s  e n t ir e ly  below -5 6  dB beyond i  16°.
SO
V/ITH 27° SIBHEFLECTCR AID DUAL MCDE KCRN OBT'SET 3°, "SYMMETRICAL PLANE",
EREOUENCY 11.1 GHz
Main lobe  
l e v e l  
r e la t iv e  t o  peak
Bearnwidth (degrees)
H-plane E-plane
-  3 d3 0 .4 5 0 .45
-1 0  dB 0 .8 5 0 .8 7
-2 0  dB in clu d in g 1 .5 5 1 .64
f i r s t  s id e lo b e s
The E - and H-plane r a d ia tio n  p attern s m easured in  the " o f fs e t  plane" w ith  the  
feed  horn o f f s e t  6° from th e  hyperboloid  a x is  o f  th e  27° su b r e f le c to r  are shown 
-in  P ig s . 1 and 2 on Sh 5 . The H-plane main lobe i s  sym m etrical t o  a l e v e l  o f  
- 8  dB. The asymmetry below th is  le v e l  i s  due t o  the apparent absence o f  the  
f i r s t  s id e lo b e  on th e  RIB o f  th e  p a ttern  w h ile  o n • th e LFB - i t  appears : as ..a 
shoulder to  the main lobe a t a l e v e l  o f  - 9  dB. A shoulder t o  th e  main lob e on 
th e  RIB a t  a . l e v e l  o f  -2 0  dB appears t o  be th e f i r s t  s id e lo b e  a s .  th e  
angle a t  which i t  appears, 0 .5 ° ,  corresponds t o  th e angle a t  which th e  f i r s t  
s id e lo b e  appears on th e LIB o f  th e p a ttern . The peak o f  energy a t  6° i s . no 
longer a dominant fea tu re  having a maximum le v e l  o f  -3 4  dB. The s u b r e f le c to r  
■ sp illo v er  e x h ib it s  an 8 dB s lo p e  across th e  r a d ia tio n  peaks from a  l e v e l  o f  
-4 7  dB a t  15° t o  a le v e l  o f  -3 9  dB a t  5 0 ° . The amplitude o f ' th e  in te r fe r en ce  
r ip p le  on th e  s p i l lo v e r  energy around 20° i s  q u ite  marked. (± 1 dB). Beyond -1 0 °  
th e  r a d ia tio n  i s  below a le v e l  o f  -5 0  dB, v/ith an estim ated  mean va lu e o f  
-6 0  dB. The d if fe r e n c e  in  peak le v e ls  o f  the parabolo id  edge d i f f r a c t io n  a t  
±  1 0 0 ° .i s  6 dB.with th e  peak a t  -100° being a hardly  s ig n i f ic a n t  l e v e l  o f  
-5 9  dB. The r a d ia t io n  between i  100° and 180° i s  in  th e main con fin ed  to  a 
lower le v e l  than -6 9  dB w ith  on ly  o cca sio n a l sp ik y  peaks r is in g  t o  -6 2  dB 
between i  150° and 180°. The E-plane r a d ia tio n  p a ttern  shown in  F ig . 2 
dem onstrates th e same fea tu res  th a t are observed in  th e H-plane p a tte r n . The
beamwidths o f 0 .4 5 ° , 0 .9 5 °  and 1 .7 °  r e s p e c t iv e ly .  These f ig u r e s  are svimrnarised 
to g eth er  w ith  the H-plane r e s u lt s  in  Table y .6 .  The f i r s t ,  second and th ir d  
s id e lo b e s  appear on the LHS o f  th e p a ttern  a t le v e ls  o f  - 9 ,  -1 7  and -2 2  dB and 
on th e  KHS o f  the p a ttern  a t  le v e ls  o f  -2 0 , -2 9 .5  and -3 1  dB. The E-plane  
p a ttern  d i f f e r s  , from th a t  o f  th e  H-plane in  the reg io n  2° t o  7 ° , and th e s p i l l ­
over r a d ia tio n  in  th e  reg io n  9° t o  30° has a more d efin ed  in te r fe r en ce  r ip p le  
: (about +  2 dB). ..In th e se  r e s p e c ts 'th e  r a d ia tio n  p a ttern s ach ieved  w ith  th e  
horn o f f s e t  6° are very  s im ila r  to  th o se  obtained w ith  th e  horn o f f s e t  3 ° .
TABLE 9 .6  MAIN LOBE BEAMWIDTHS OP 14 FT DIAMETER CFFSET-FED CASSEGRAIN AERIAL 
' WITH2 7 ° SUBREFLECTGR AND DUAL'MCDE"HORN OFFSET 6 ° , "OFFSET PLANE", FREQUENCY 
1 1 .1  GHz
Main lob e  
l e v e l  
r e la t  iv e  t o  pe ak
Beamwidth (d egrees)
H-plane E-plane
-  3 dB 0 .4 5 0 .45
-1 0  dB 0 .9 0 0 .9 5
-2 0  dB. in clu d in g 1 .4 5 1 .7 0
f i r s t  s id e lo b e s .
•The above d isc u ss io n  has been s o le ly  concerned w ith  the 27° s u b r e f le c to r s  and 
th e  e f f e c t s  o f  varying the horn o f f s e t  an g le . However, s im ila r  d e ta i le d  
■ .investigations were ca rr ied  out w ith  the 32° and 37° su b r e fle c to r s  and th e  
secondary r a d ia tio n  p a ttern s achieved v/ith  th ese  su b r e fle c to r s  are shown in  
Drawing RES 40905 Sh&-8,10. ! I t . i s . ev id en t from a b r ie f  comparison o f  th e  r a d ia ­
t io n  p a ttern s achieved w ith  th e  th ree  o f f s e t  su b r e fle c to r s  th a t th e y  are s im ila r  
in  some r e sp e c ts  . However, s in c e  th e 27° su b r e fle c to r  i s  seen  to  . ex h ib it, th e  
most d e s ir a b le  r a d ia tio n  c h a r a c te r is t ic s ,  i t  i s  not n ecessary  to  d escr ib e  the  
oth er  two co n fig u ra tio n s in  the same d e t a i l  and th ere fo re  o n ly  the major 
d iffe r e n c e s  between th e 27° su b r e f le c te r  and th e  32° and 37° su b r e f le c to r s  are 
summarized in  Table 9 .7 .
CASSEGRAIN AERIAL WITH 32° AID 37°'SUBREFLECTORS, FREQUENCY 11.1 GHz
Subre flee ter /H o rn  
S e tt in g
Main lobe le v e l  
r e la t iv e  to  peak
Beamwidth (ae grees )
H-plane E -plane
32° S u b reflec to r  
Horn o f f s e t  0  
"O ffset Plane"
-  3 dB 0 .4 0 0 .4 0
-1 0  dB 1 .15 1 .1 5
32° S u b reflec to r  
Horn o f f s e t  4°  
"O ffset Plane"
-  3 dB 0 .35 0 .3 5
-1 0  dB 0.&5 0 .9 5
32° S u b reflec to r  
Horn o f f s e t  6°
! "O ffset Plane"
-  3 dB 0 .33  . 0 .3 4
-1 0  dB 0 .55 0 .5 7
37° S u b reflec to r  
Horn o f f s e t  0° 
"O ffset Plane"
-  3 dB 0 .55 0 .5 0
-1 0  dB 1 .05 1 .0 5
37° S u b reflec to r  
Horn o f f s e t  4° 
"Symmetrical Plane"
-  3 .dB 0 .4 0 0 .4 0
-1 0  dB 0 .75 0 .7 5
! I t . i s . o f : in t e r e s t : t o  • note • th a t  the - 3  dB beamwidths measured u sin g  th e  32° 
s u b r e fle c to r  are narrower than th ose  observed w ith  th e 27° su b r e f le c to r  and 
both th e  - 3  dB and -1 0  dB beamwidths decrease as th e horn o f f s e t  an g le  - i s .
:in crea sed . The f i r s t  s id e lo b e s . are h igh  in  l e v e l  compared w ith  th e  27°  
s u b r e f le c to r . The general s id e lo b e  s tru c tu re  i s  a ls o  h igher due p a r t ly  t o  th e  
in creased  blockage caused by the su b r e fle c to r  and p a r t ly  due t o  th e  blockage  
and sc a tte r in g  from th e horn which has grea ter  s ig n if ic a n c e  as th e  horn o f f s e t  
angle i s  in creased . The. e f f e c t  th a t  changing the hyperboloid  angle  has on the  
blockage in  the " o ffse t  plane" i s  ev id en t from F ig . 5 .1 .  The d is t o r t io n  o f  th e  
main lobe and s id e lo b e  stru c tu re  observed in  .the r a d ia tio n  p a ttern s  fo r  th e  37° 
su b r e fle c to r  w ith  th e  horn o f f s e t  0° • i s  exp la in ed  by th e  asym m etrical nature o f  
th e  c o n fig u ra tio n  and the r e s u lt in g  tapered  su b r e fle c to r  illu m in a t io n .
The "symmetrical plane" and c r o ss -p o la r iz e d  r a d ia tio n  p a ttern s  fo r  th e  27°. 
s u b r e fle c to r  w ith  horn o f f s e t  3° and th e  37° su b r e fle c to r  w ith  horn o f f s e t  4°  
are s im ila r  in  s tru c tu re .
C ro ss-p o la r ized  r a d ia tio n  p a ttern s  were-measured over th e lim ite d  angular -range 
0° ± 0° .
The c r o ss-p o la r iz e d  ra d ia tio n  p a ttern  fo r  th e sym m etrical C assegrain  a e r ia l  i s  shown 
superimposed on the E-plane r a d ia tio n  p a ttern  in  F ig . 1 on Drawing RES 40905 Sh 11. 
The c r o ss -p o la r iz e d  energy stands out as a s in g le  peak w ith  a maximum l e v e l  o f  
-2 6  dB. The beamwidth a t -4 0  d B .is  1 ° . A n c illa r y  peaks:extend to  ±  6° w ith  a 
maximum le v e l  o f  -45  dB. With th e  ex cep tio n  o f  a sm all overlap  a t  - 4 °  th e  r a d ia tio n  
. in  th e E -plane i s  c le a r  o f  th e  c r o ss -p o la r iz e d  r a d ia tio n  by a good, margin.
The c r o ss -p o la r iz e d  r a d ia tio n  p a ttern  fo r  th e  o f f s e t - f e d  ‘ C assegrain  a e r ia l  w ith  th e  
27° s u b r e f le c to r : and th e  horn d ir e c te d  along th e  hyperboloid a x is  . i s  shown in  F ig . 2 .  
The c r o ss-p o la r iz e d  r a d ia tio n  s t a r t s  as : a s in g le  peak w ith  a maximum le v e l  o f  
-2 2 .5  dB but merges w ith  a secondary lob e a t  a le v e l  o f  -3 1  dB t o  form a broader 
peak. The beamwidth a t  -4 0  d B .is  1 .7 ° .  A th ir d  lobe merges w ith  th e main c r o s s -  
p o la r ized  energy belaw -4 0  dB. Although th e  c r o ss -p o la r iz e d  energy i s  w e ll  below  th e  
.energy  in  th e  p r in c ip a l p o la r iz a t io n  on th e  LHS o f  th e p a ttern , a r e la t iv e ly  la rg e  
peak reaching a le v e l  o f  -35  dB a t  4 .5 °  cau ses th e margin t o  be reduced on the RIB o f  
•the p a ttern .
The c r o ss-p o la r iz e d  r a d ia tio n  p a ttern  fo r  the o f f s e t - f e d  C assegrain  a e r ia l  w ith  the  
27° su b r e fle c to r  and the horn o f f s e t  from th e hyperboloid  a x is  by 3° is .sh o w n  in  
F ig . 3 . The peak o f  th e  c r o ss -p o la r iz e d  energy occurs a t a l e v e l  o f  -2 3  dB a t  
- 0 .2 5 ° .  The main lobe broadens a t  a le v e l  o f  -2 7  dB to  g ive  a beamwidth a t  -4 0  dB 
o f  1 .5 ° .  The s id e lo b e  s tr u c tu r e , though reduced in  l e v e l ,  c lo se ly .c o r r esp o n d s  to  
th a t  sho,\m in  F ig . 2 . The peak a t  4 .5 °  has been reduced by 5 dB t o  a l e v e l  o f  -4 0  dB 
and th e  margin between th e  E-plane r a d ia tio n  p a ttern  and th e  c r o ss -p o la r iz e d  ra d ia ­
t io n  p a ttern  has improved by about 2 dB.
27° su b r e fle c to r  and th e horn o f f s e t  from the hyperboloid a x is  by G° i s  shown in  
F ig . 4 . The c r o ss-p o la r iz e d  p a ttern , i s  composed o f  tv/o peaks, one a t  0 .2 5 °  a t  a 
l e v e l  o f  -2 6 .5  dB and the other a t  - 0 .3 °  a t  a l e v e l  o f  -2 8 .5  dB. The beamwidth a t  
-4 0  dB i s  1 .6 5  dB: t h is  agrees w e l l  w ith  th e previous r e s u lt s  and in d ic a te s  th a t th e  
ch ange:in  horn o f f s e t  angle from 0° to  6° has in creased  the s id e lo b e  in  th e  RHS o f  
th e  main, lobe a t  the expense o f  th e  main lob e peak. The c r o ss-p o la r iz e d  r a d ia t io n  
o u tsid e  th e  main lobe i s  . below a le v e l  o f  -4 4  dB between +  2° and it 7° and below a 
l e v e l  o f  -5 0  dB beyond ± 7 ° .  The peak o f  energy a t 4 .5 °  has been fu rth er  reduced to  
a l e v e l  o f  -4 4  dB.
The c r o ss-p o la r iz e d  r a d ia tio n  p a ttern  measured in  th e "symmetrical plane" w ith  th e  
horn o f f s e t  3° i s  shown in  F ig . 5 . A deep n u ll  appears on th e  a e r ia l  a x is  w ith  th e  
major p o rtio n  o f  th e cro ss -p o la r iz e d .e n e r g y  contained  w ith in  two sym m etrical peaks 
a t  a l e v e l  o f  about -1 9  dB a t  ±  0 .3 ° .
1 0 .1  Method o f  In teg ra tio n
I t  i^ r'”'ear f^om v is u a l  in sp e c t io n  o f  th e measured rad.ie.tion p a ttern s  th a t when the  
hyperboloid a x is  i s  o f f s e t  from th e  paraboloid  a x is  th e s p i l lo v e r  r a d ia tio n  beyond 
the s o re f le c to r  i s  d ir e c te d  away-from the main beam and towards th e  sky thus 
e f f e c t in g  an improvement: in  th e a e r ia l  n o ise  tem perature. I t  i s  a ls o  c le a r  th a t
sim ultaneous changes occur in  th e n ea r -s id e lo b e  stru c tu re  and in  the m ain-lobe shape
/
which a l t e r  th e  a e r ia l  g a in . However:i t . i s  n o t p o s s ib le  t o  a s se s s , v i s u a l ly  th e  
e f f e c t  th a t such changes have on th e  a e r ia l  F igure o f  M erit (G/Ts ) s in c e  one p a ttern  
could v /e ll be s u b s ta n t ia l ly 'b e t te r  than a l l  o th ers in  one r e sp e c t  but be in fe r io r  in  
another. I t  i s .th ere fo re  n ecessa ry  t o  conduct a th e o r e t ic a l  a n a ly s is  in v o lv in g  
in te g r a tio n  o f  th e  energy contained  w ith in  th e  ra d ia tio n  p a tte r n  which ta k es in to  
account th e  change in  and in te r a c t io n  between th e var iou s e f f e c t s .
The secondary r a d ia tio n  p a ttern s  obtained w ith  the t h r e e •feed in g  system s are s im ila r  
in  the sen se  t h a t :each con ta in s a narrow rnain-lobe w ith  sp ik y  n e a r -s id e lo b e s  and a 
ra th er  complex d is tr ib u t io n  o f  r e la t iv e ly  low le v e l  r a d ia t io n  o u ts id e  th e  reg io n  
0° ±  30°. A common method o f  in te g r a tio n  can th ere fo re  be employed. The method o f  
ev a lu a tio n  o f  th e energy .under the curve i s  simi la r  t o  th a t  used fo r  th e  primary 
r a d ia tio n  p a ttern  a n a ly s is  d escrib ed  e a r l ie r  when i t  was assumed th a t  th e  energy  
• d is t r ib u t io n : i s  . c ir c u la r ly  sym m etrical. This : i s  c e r ta in ly  tru e • fo r  th e  c e n tr e -fe d  and 
sym m etrical C assegrain  system s, and s p e c ia l  a llow ances are made fo r  th e  o f f s e t - f e d  
C assegrain  a e r ia l  where th e  s p i l lo v e r  r a d ia tio n  i s  asym m etrical.
The nature o f  th e  energy d is tr ib u t io n  su g g ests  th a t  th e  num erical in te g r a t io n  should  
be performed by s p l i t t in g  each h a l f  o f  th e  r a d ia tio n  p a ttern  in to  ■ four sam pling  
zones. Each zone i s  in teg ra ted  se p a r a te ly  and the t o t a l  energy g iven  by th e sum o f  
the four r e s u lt s .  The sampling in te r v a ls  chosen are as fo l lo w s : -
1° to  5° " " 0 .1 0 °
5° to  35° " " 0:20° "
35° to  180° " . " 1 .2 5 °
This g iv es  a t o t a l  o f  326 sam ples fo r  each h a l f  r a d ia t io n  p a ttern .
The p ro cess  o f  ex tr a c tin g  the d a ta •from -th e r a d ia tio n  p a ttern  does n ot p resen t a 
problem s in c e  th e  recorder ■ i s  geared to  cjive 1 cm o f  ch art fo r  1 degree o f  a e r ia l  
r o ta t io n  from 0° to  30°. The recorder tra ce  Is  produced by a f in e  b a l l  p o in t pen and 
i t  i s  a r e la t iv e ly  sim ple m atter to  read o f f  th e 0 .0 5 ° samples every  0 .5  mm. The 
sam pling in te r v a l i s  in creased  t o  0 .1 °  beyond 1° and t o  0 .2 °  beyond 5 ° . T his i s  
thought to  be reasonable s in c e  th e  p a t te r n - le v e l  changes a r e  more gradual a t  the  
la rg er  an g les and being a t  a much lower l e v e l  are l e s s  s ig n i f ic a n t  than th e m ain-lobe  
v a r ia t io n s . The sam pling in te r v a l i s  in creased  to  1 .2 5 °  beyond 35° fo r  the same 
reason s.
The computer program ev a lu a te s  th e a e r ia l  gain  and th e amount. o f  ra d ia ted  energy  
w ith in  c e r ta in  s p e c if ie d  angular r e g io n s . i s  expressed  a s . a percentage o f ■th e  t o t a l .
The sampling in te r v a ls  determ ine th e p e r m iss io le  angular reg io n s over which th e  
com putations can be performed s in c e  the num erical in te g r a tio n  i s  performed 'using 
Simpson’s  r u le . A s a t is fa c to r y  s e le c t io n  o f  output angular in te r v a ls  i s  found t o  be.*-
0 .4 °  to  1° in  0 .1 °  in te r v a ls
2° t o  5° in  1°
10° t o  180° in  10°
A ty p ic a l  output p r in to u t i s  shown in  Appendix VI C.
In order to  provide a v is u a l  p resen ta tio n  o f  th e computed r e s u lt s  a bar graph has been  
evolved  which g iv es  the r e la t iv e  proportion  o f  energy w ith in  s p e c if ie d  annular reg io n s  
expressed as a percentage o f  th e  t o t a l  ra d ia ted  energy. The annular reg io n s  are 
chosen to  h ig h lig h t  the p r in c ip a l d if fe r e n c e s  between th e th ree  a e r ia l  c o n fig u ra tio n s  
and to  provide inform ation about the most important r a d ia t io n  p a ttern  - fe a tu r e s  such as
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s id e lo b e s , p arab o lic  s p i l lo v e r  and back ra d ia tio n . The borders o f  th e  annular 
reg ion s th a t s a t i s f y  th ese  requirem ents are 0 .5 ° ,  1 ° , 5 ° , 10°, 3 0°, 50°, 70°, 120°, 
180°.
1 0 .2  Computed R esu lts
Data ex tra cted  from th e measured secondary r a d ia tio n  p a ttern s shown in  Drawing 
RES 40905 Sh 1-11  has . been run w ith  the computer program d escrib ed  above. The most 
in te r e s t in g  H-plane r e s u lt s  have been s e le c te d  and are summarized in  Tables 1 0 .1  to  
1 0 .4 . The agreement between th e  two s e t s  o f  computed r e s u lt s  obtained by in te g r a t io n  
o f  the l e f t  hand s id e  (LHS) and r ig h t  hand s id e  (RIB) o f  th e r a d ia tio n  p a tte r n s  i s  
very  good and t h is  j u s t i f i e s  averaging the r e s u l t s .  The averaged v a lu es  (AV) fo r  th e  
energy d is tr ib u t io n  are p lo tte d  in  the bar graphs shown in  P ig . 10 .1 . The averaged  
v a lu es fo r  th e a e r ia l  ga in  are tab u la ted  in  Tables 1 0 .1  t o  1 0 .4 .
Although on ly  th e  r e s u lt s  o f  th e  a n a ly s is  o f  th e  H-plane r a d ia t io n  p a t te r n s .are  
ta b u la ted , E-plane com putations were performed and i t  was found th a t  c lo s e  agreement 
fo r  both gain  and energy d is tr ib u t io n  i s  . ach ieved . One ex cep tio n  i s  in  th e E-plane  
ra d ia tio n  p a ttern  o f  th e c e n tr e -fe d  a e r ia l  wnich due to  th e  prominant s id e lo b e s  g iv e s  
a lower proportion  o f  energy in  th e main lob e and a h igher proportion  in  th e  
n e a r -s id e lo b e s .
TABIE 1 0 .1  SYMMETRICAL CASSEGRAIN AERIAL 
A Computed A er ia l Gain
A er ia l Gain (dB)
. LHS RH3 AV
5 1 .3 4 5 1 .4 7 5 1 .4
’Angle 
O ff A xis 
(D egrees)
Energy Contained w ith in  
S p e c if ie d  reg io n  {%}
LHS RHS AV
0 .5 68 .33 70 .28 68 .80
1 72 .91 '71 .71 72.31
5 77 .66 75 .85 76 .75
10 81 .79 78 .13 79 .96
30 91.7- 36 .0 8 88 .91
50 93.44 8 9 .3 9 91.41
70 95 .28 92 .5 8 9 3 .9 3 '
90 96 .38 94 .75 95 .56
120 99.12 93.75 98.93
TABLE 1 0 .2  CENTRE-FED AERIAL 
A Computed A er ia l Gain
A e r ia l Gain (dB)
LHS RHS AV
51 .14 51 .2 6 5 1 .2
B Computed Energy D is tr ib u tio n
Angle 
O ff Axis 
(D egrees)
Energy Contained V/ith in  
S p e c if ie d  Region (%)
11® RHS AV
0 .5 66.53 6 8 .3 6 67.44
1 '73 .54 7 5 .5 7 74 .55
5 81 .89 84 .41 83 .15
10 84 .66 8 6 .8 0 85 .7 0
30 86 .12 8 7 .9 9 87 .05
50 87 .49 88 .55  ■ 88.02
70 89.55 91 .12 90 .33
90 92.33 92 .68 9 2 .50
120 97.56 97.34 97 .45
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OFFSET 3 ° , "SmETRICAL PLANE" 
A Computed A e r ia l Gain
A e r ia l Gain (dB)
LHS . a m AV
5 0 .75 5 0 .9 0 50 .82
B Computed Energy D is tr ib u t io n
Angle 
O ff A xis 
(D egrees)
Energy Contained w ith in  
S p e c if ie d  Region {%)
LHS RHS AV
0 .5 68.74 71.14 69.94
1 8 0 .0 7 80.51 80 .29
5 89 .3 6 90.82 90 .09
10 92.73 93 .36 93.04
30 > 93 .55 93 .89 93.72
50 95 .6 6 95 .21 95 .43
70 96 .69 96.12 96 .40
90 97.73 97 .67 97 .7 0  •
.1 2 0 99 .68 99 .70 99 .69
TABLE 10. 4 OFFSET-FED CASSEGRAIN AERIAL WITH 27° ' SUBREFLECTOR, 6" DUAL MODE: HORN 
OFFSET 3 ° ,: " OFFSET PLANE"
A Computed A er ia l Gain
A e r ia l Gain (dB)
LHS RHS AV
51 .0 9 4 9 .9 6 -
100
Angle 
O ff Axis 
(D egrees)
Energy Contained w ith in  
S p e c if ie d  Region (%)
LHS ' RHS AV
0 .5 62 .51 49 .52 -
1 69 .45 53 .72 -
5 82 .8 3 . 5 8 .7 8 -
10 91.54 61 .72 -
30 91.87 64 .71 -
50 92 .60 91.14 -
70 94 .48 93 .08 -
90 96.23 98 .28 -
120 99.51 99 .5 7 -
The computed r e s u lt s  fo r  th e  o f f s e t - f e d  C assegrain a e r ia l  in  th e " o f fs e t  plane" can  
n ot be averaged because th e  s p i l lo v e r  energy d is tr ib u t io n  g iv es  markedly d if f e r e n t  
r e s u l t s  fo r  th e LBS and RHS o f  th e  r a d ia l ion  p a ttern . The in te g r a tio n  o f  the LHS o f  
th e  p a ttern  y i e l d s . a h igher ga in  and very  l i t t l e  energy o u tsid e  th e  main lobe reg io n  
whereas th e in te g r a tio n  o f  the RHS o f  th e  p a ttern , which assumes th e h y p erb o lic  s p i l l - ■ 
over.en ergy  between 10° and 50° t o  be c ir c u la r ly  sym m etrical, y ie ld s  a reduced ga in  
and an increased  proportion  o f  energy w ith in  th e s p i l lo v e r  zone. However s in c e  i t  i s : 
known from the sym m etrical C assegrain  a n a ly s is  th a t  the h y p erb o lic  s p i l lo v e r  r a d ia tio n  
amounts to  about 10# o f  th e  t o t a l  ra d ia ted  energy th e r e s u l t s  fo r  th e  o f f s e t - f e d  
C assegrain  a e r ia l  can be in terp reted  in  a m eaningful manner.
The bar graphs fo r  th e LHS o f  the " o ffs e t  plane" and the LHS and RHS o f  the  
"symmetrical plane" i l lu s t r a t e  th a t the o f f s e t - f e d  C assegrain  a e r ia l  has very  l i t t l e  
energy d irec ted  towards th e  Earth in  th e reg io n  10° t o  50° and th a t  the s p i l lo v e r  
energy i s  r e d is tr ib u te d  predom inantly towards the sky between 30° and 5 0 ° . The 
a n a ly s is  th ere fo re  v e r i f i e s  th a t  th e o f f s e t - f e d  C assegrain a e r ia l  f u l f i l l s  th e  
o r ig in a l d esig n  o b je c t iv e .
The com putations carried  out by Reed20 can be used to  q u a n tify 'th e  improvement in  
n o ise  tem perature a ttr ib u ta b le  t o  th e  r e d is tr ib u t io n  o f  s p i l lo v e r  r a d ia t io n . Since  
th e  experim ental in v e s t ig a t io n  has dem onstrated th a t th e h y p e r b o lic .s p i l lo v e r  i s  
d is tr ib u te d  in  an approxim ately '’con ica l"  zone ir r e s p e c t iv e  o f  th e  su b r e f le c to r  
shape, i t . i s  p o ss ib le  to  s t a t e  th a t  th e  co n tr ib u tio n  o f  th e h y p erb o lic  s p i l lo v e r  in  
th e  case o f  th e  o f f s e t - f e d  C assegrain  a e r ia l ,  w ith  , i t s  m ain  beam a t  an e le v a t io n  o f  
5 ° , i s  eq u iv a len t t o  th e h y p e r b o lic .s p i l lo v e r  co n tr ib u tio n  o f  th e  sym m etrical 
C assegrain  a e r ia l ,  w ith  i t s  main lobe a t  an e le v a t io n  o f  about 3 0°.
The n o ise  tem perature co n tr ib u tio n  fo r  h y p e r b o lic .s p i l lo v e r  co n ten ts  o f  8%, 10% and 
12% and sym m etrical C assegrain  a e r ia l  e le v a t io n s  o f  5° and 30° have been e x tra c ted  
from R eed's curves and are ta b u la ted  in  Table 1 0 .5 .
TABLE 1 0 .5
Symmetrical C assegrain  A e r ia l. 
E lev a tio n  Angle (D egrees) 5 30
H yperbolic S p illo v e r  Energy Content 
(% o f  t o t a l  energy)
N oise Temperature C on trib u tion  
( k e lv in )
8 8 .35 0 .4
10 1 0 .5 0 .5
12 1 2 .7 0 .7
Table 1 0 .5  i l lu s t r a t e s  th a t a sav in g  in  n o ise  tem perature o f  between 8K and 12X i s  
achieved through th e  r e d is tr ib u t io n  o f  energy afforded  by the o f f s e t - f e d  C assegrain  
d esign .
The secondary r a d ia tio n  p a ttern  a n a ly s is  a ls o  provides a gain  comparison fo r  the  
variou s a e r ia l  d es ig n s . The sym m etrical C assegrain  a e r ia l  r a d ia tio n  p a tte r n  in te g r a ­
t io n  y ie ld s  a gain  o f  5 1 .4 0  dB which coirpares w ith  5 1 .2 0  dB fo r  th e  ce n tr e —fed  a e r ia l  
and 5 0 .8 2  dB fo r  the o f f s e t - f e d  C assegrain a e r ia l .  The sym m etrical C assegrain  a e r ia l
20 PEED H H: Loc. c i t . ,  pp 46—49*
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This d if fe r e n c e  i s  regarded as being th e upper l im it  o f  gain degradation s in ce  the  
red u ction s in  gain  due to  th e decrease in  gain  fa c to r  and the a d d itio n a l blockage 
caused by the 27° su b r e fle e to r  and th e  feed  horn are 0 .2 0  dB and 0 .1 4  dB r e s p e c t iv e ly  
which amounts t o  on ly  0 .3 4  dB.
The gain  in te g r a tio n  i s  p a r t ic u la r ly  s e n s i t iv e  t o  ch a n g es.in  th e a e r ia l  r a d ia t io n  
p a ttern  in  th e main lob e and f i r s t  s id e lo b e s  and although the - 3  dB and -iO  dB 
beamwidths fo r  th e d i f f e r e n t .a e r ia ls  g iven  in  T a b le s .9 .1  to  9 .6  are in  reasonable  
agreement the q u ite  la rg e  v a r ia t io n s . in  -2 0  dB beamwidth can be expected  to  s ig n i f ­
ic a n t ly  in flu en ce  th e computed gain  f ig u r e s .
An experim ental means o f  comparing th e  gain  o f  th e variou s a e r ia l  d es ig n s  was 
provided by n otin g  th e s e t t in g  o f  th e  p r e c is io n  a tten u ator  in  th e  rece iv ed  waveguide 
feed er  a t  the s ta r t  o f .ea ch  secondary measurement. (A d e ta ile d  d e sc r ip t io n  o f  th e  
secondary range m easuring. equipment i s  g iven , in  Appendix.I I . ) When the attenuator, 
s e t t in g s  fo r  th e sym m etrical C assegrain a e r ia l  and th e  o f f s e t - f e d  C assegrain  a e r ia l  
w ith  th e  27° su b r e fle c to r  are compared the d if fe r e n c e  i s  0 .4 0  dB, which compares 
favourably w ith  th e  ca lcu la ted  va lu e fo r  red a ctio n  in  gain  o f  0 .3 4  dB. When the  
sym m etrical C assegrain a e r ia l  i s .compared w ith th e c e n tr e -fed  a e r ia l  th e  d if fe r e n c e  
in  s e t t in g  i s  3 .5  dB, th e  large  d if fe r e n c e  being caused by the a d d it io n a l a tten u a tio n  
in  th e  waveguide feed er  from th e  a e r ia l  focus to  th e  r a d ia tio n  p lo t t e r .
In v iew  o f  t h i s  i t  i s  considered  th a t th e  d iffe r e n c e  in  ga in  between the sym m etrical 
C assegrain  a e r ia l  and the o f f s e t - f e d  C assegrain  a e r ia l  obtained by in te g r a t io n  o f  
the secondary r a d ia tio n  p a ttern  should be regarded as being the upper l im it  o f  ga in  
degradation  and th a t a va lu e  between 0 .4  dB and 0 .5  dB should be taken  t o  rep resen t  
th e  tru e  lo s s  in  gain .
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l im it s  th e  advantages o f  t h e 'o f f s e t - f e d 'C assegrain a e r ia l .  Table 1 0 .6  ta b u la tes  
some a sso c ia te d  gains and system  n o ise  tem peratures th a t combine to  produce a G/Ts  
o f  4 0 .7  dB. (This va lu e i s  an INTELSAT req u irem en t.^  In order to  be ab le  to  
d eriv e  a standard channel from a f lu x  o f  -1 7 4 .5  .dBW/m , the a e r ia l  ga in  and n o ise  
tem perature must be b e tte r  than some given  v a lu es: th e gain  must be b e tte r  than 57 dB 
measured a t  4 GHz, r e ferred  t o  an is o tr o p ic  rad ia to r; the G/Ts grea ter  than 4 0 .7  dB 
a t  5° . e le v a t io n  an gle , T5 being  th e  tem perature re ferred  t o  th e  input o f  th e low n o ise  
a m p lif ie r . )
TABLE 1 0 .6  ‘COMBINATIONS 0? GAIN AND SYSTEM NOISE TEMPERATURES WHICH GIVE A G/T5 OP 
4 0 .7  dB
A e r ia l Gain (dB) 57 .23 5 7 .6 8 5 8 .1 0 5 8 .4 8 58 .83 5 9 .1 5 59 .45
System N oise
Temperature
(k e lv in )
45 50 55 60 65 70 75
I f  i t  i s  assumed th a t  th e  system  n o ise  tem perature i s  reduced by v a r io u s amounts 
corresponding to  th e  saving in  n o ise  tem perature r e s u lt in g  from th e  r e d is tr ib u t io n s  
o f  s p i l lo v e r  in  th e o f f s e t - f e d  C assegrain  a e r ia l  i t  i s  p o s s ib le  to  ev a lu a te  th e  
a sso c ia te d  gains required to  m aintain a G/Ts o f  4 0 .7  dB. Tables 1 0 .7  A, B and C g iv e  
th e  saving  in  gain corresponding t o  system  n o ise  tem perature sav in gs o f  8K, 10K and
12K.
TABLE 1 0 .7  
A
System N oise Temperature SNT 
( k e lv in ) 55 60 65 70 75
D ecrease in  gain (dB) required  
to  m aintain G/Ts o f  4 0 .7  dB 
w ith  SNT reduced by 8K
0 .6 3 0 .6 2 0 .5 7 0 .5 3 0 .5 0
21 ARNAUD J P :  'Progress o f  INTELSAT1, IEEE In te r n a tio n a l Conference on Communication
ICC 6G, Conference Record, 1958, pp 650-638,
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System N oise Temperature SNT- 
(k e lv in ) 55 60 ■85 70 75
D ecrease in  gain (dB) required  
to  m aintain G/Ts  o f  4 0 .7  dB 
w ith  SNT reduced by 10K ■
0 .8 7 0 .8 0 0 .73 0 .6 7 0 .6 2
c
System N oise Temperature'SNT 
(k e lv in )
60 65 70 75
D ecrease in  gain  (dB) required  
to  m aintain G/T5 o f  4 0 .7  dB 
w ith  SNT reduced by 12K
1 .0 7 0 .9 8 0.88' 0 .82 0 .7 6
Table 1 0 .7  i l lu s t r a t e s  th a t a d ecrease in  ga in  o f  0 .5  dB occurs when th e  r e d is tr ib u ­
t io n  o f  h y p e r b o lic . s p i l lo v e r  g iv es , r i s e  t o  a saving  o f  8K in  a t o t a l  system  n o ise  
tem perature o f  75K. In t h is  s i tu a t io n  th e  o f f s e t - f e d  C assegrain a e r ia l ,  would n ot 
o f fe r  an improvement over th e sym m etrical C assegrain  a e r ia l .  However th e  remainder 
o f  th e tab u la ted  r e s u lt s  in d ica te  th a t s i g n i f i c a n t . improvements in  perform ance. can  
be r e a liz e d , p a r t ic u la r ly  when th e t o t a l  system  n o ise  temperature i s  l e s s . t h a n  65K 
and when th e h y p e r b o lic .s p i l lo v e r  energy con ten t i s  greater  than 8$.
The foregoin g  a n a ly s is  has been based on assumed a e r ia l  f ig u r e s  fo r  ga in  and system  
n o ise  tem perature. I t  w i l l  be o f  in te r e s t  to  con sid er  b r ie f ly  th e  co n tr ib u tin g  
fea tu res  to  lo s s  in  gain  and in crea se  in  n o ise  tem perature in  a p r a c t ic a l  a e r ia l  
system : lo s s  in  ga in  due to  im perfect illu m in a tio n  o f  th e a e r ia l  su r fa c e , aperture  
phase e r r o r s , horn phase erro rs , gaps between r e f le c to r  " p eta ls" , b lock age, fe e d  
mismatch, feed  o h m ic .lo ss , waveguide lo s s ,  low n o ise  a m p lif ier  mismatch and c r o s s ­
p o la r iz a t io n  lo s s .  The separate co n tr ib u tio n s  can be p red icted  froxii th e  a e r ia l  d ata  
and Table 1 0 .8  g iv es  a ty p ic a l  breakdown fo r  a la rg e  o p era tio n a l C assegrain  a e r ia l . '^
22 DUFFY P S  J: P r iv a te  Communication.
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V/ITH P ■ =  30 IT , .
Forward
S p i l la /e r
P arab olic
S p illo v e r
Blockage  
and Gaps
Aperture
Phase
Error
Horn
Phase
Error
C ross-
Poln,
lo s s
Main
Beam
Loss (dB) 0.542 0 .1 7 7 0 .33 0 .14 0 .2 0 0 .05 -
Loss (%) 11.73 4 .0 7 .4 3 .1 6 4 .5 1 .1 5
Proportion  
o f  T o ta l  
Pawer
0 .1 1 7 0 .035 0*063 0.C25 0.035 0 .0 0 9 0 .7 1 6
The f ig u r e s  fo r  the proportion  o f  t o t a l  power in  Table 1 0 .8  can be r e la te d  to  th e . 
energy measured in  the a e r ia l  r a d ia t io n  p a ttern s and in  fa c t  th ey  correspond c lo s e ly  
t o  th e . energy d is tr ib u t io n  shown in  the bar graph fo r  th e sym m etrical C assegrain  
a e r i a l . in  P ig . 9 .1 . I t  i s  p o s s ib le  to  ev a lu a te  th e n o ise  tem perature a ttr ib u ta b le  to  
each sou rce , and th e  a e r ia l  n o ise  co n tr ib u tio n  due to  th e sources shown in  Table 1 0 .8  
amounts to  about 45K fo r  an a e r ia l  e l e c t i o n  of. 5 ° . In order t o  ach ieve  t h e ' t o t a l  
n o ise  temperature a t  th e low n o ise  a m p lif ier  input, the n o ise  due to  th e ohmic l o s s . 
must be added to  the a e r ia l  n o is e . I f  i t  i s  assumed th a t th e  lo s s  due to  th e feed  
and waveguide i s  0 .1 6  dB and th e  lo s s e s  due t o  th e  mismatch o f  th e  feed  and th e  law  
n o ise  a m p lifier  are 0 .0 3  dB and 0 .1 3  dB r e s p e c t iv e ly  i t  i s  p o s s ib le  t o  c a lc u la te  th a t  
th e  ohmic n o ise  co n tr ib u tio n  a t  the low n o ise  a m p lif ier  input i s  1 0 .7E. When th e  
param etric a m p lifier  n o ise  tem perature o f  22K i s  added, th e  t o t a l  n o ise  tem perature 
a t  th e low n o ise  a m p lif ie r  input i s  7 4 .5K.
R eference to  Table 1 0 .7  shows th a t  t o  j u s t i f y  th e use o f  th e o f f s e t - f e d  C assegrain  
a e r ia l  th e  system  n o ise  tem perature o f  the sym m etrical C assegrain a e r ia l  a t  5°  
e le v a t io n  should be 75K or l e s s .  Therefore in  th e p r a c t ic a l  example above th e two 
d esign s would break-even and th ere  would be l i t t l e  p o in t in  changing from the  
sym m etrical C assegrain d esig n . However, i f  a red u ction  in  the o v e r a ll  system  n o ise  
tem perature could be ach ieved  t h is  would in crea se  th e p rop ortion a l e f f e c t  th a t  a 
r e d is tr ib u t io n  o f  h yp erb olic  s p i l lo v e r  would produce and th e  o f f s e t - f e d  C assegrain  
a e r ia l  would become a p r a c t ic a l  p ro p o sitio n ,
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A survey o f  the fa c to r s  co n tr ib u tin g  to  system  n o ise  temperature in d ic a te s  th a t the 
component most l ik e ly  to  provide a reasonable red u ction  in  the system  n o ise  temp­
eratu re  i s  the param etric a m p lif ie r . Recent improvements in  the d esign  o f  broadband 
param etric a m p lifier s  have produced d ev ice s  w ith  n o ise  tem peratures in  th e  reg ion  o f  
15K. Thus the in s t a l la t io n  o f  such a d ev ice  in  th e p r a c t ic a l  system  d iscu ssed  
above would y ie ld  a savin g  in  n o ise  tem perature o f  7K and g iv e  a system  n o ise  temp­
eratu re  o f  67.5K a t  5° e le v a t io n .
A system  n o ise  tem perature o f  t h is  order o f fe r s  d e f in i t e  p o s s i b i l i t i e s  fo r  the  
o f f s e t - f e d  C assegrain a e r ia l .  For example, a sym m etrical C assegrain  a e r ia l  a t  an 
e le v a t io n  o f  5 ° , having a system  n o ise  tem perature o f  6 7 .5K and a h y p e r b o lic . s p i l l ­
over con ten t o f  10% o f  th e  t o t a l  ra d ia ted  energy would d er iv e  a gain  advantage o f  
0 .7  dB i f  th e  h yp erb olic  s p i l lo v e r  were t o  be d ir e c te d  00° h igher in  e le v a t io n .  
Therefore an o f f s e t - f e d  C assegrain  a e r ia l  in  th e same circum stances would y ie ld ,  a f te r  
allow in g  fo r  approxim ately 0 .5  dB degradation  in  ga in , an. o v e r a ll  e f f e c t iv e  improve­
ment in  gain  o f  0 .2  dB. This improvement corresponds t o  an in crea se  in  F igure o f  
M erit from 4 0 .7  t o  4 0 .9  dB.
As r e c e iv in g  system s become more s o p h is t ic a te d  and th e system  n o ise  tem perature i s  
fu rth er  reduced i t  should be p o ss ib le  to  r e a l iz e  fu r th er  improvements through one 
a p p lic a tio n  o f  th e  o f f s e t - f e d  C assegrain  a e r ia l .
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The o f f s e t - f e d  C assegrain a e r ia l  has been shown to  be a u se fu l a e r ia l  fo r  s a t e l l i t e  
communication Earth stati.onp . Three o f f s e t  su b r e fle c to r s  and two feed  horns have been 
stu d ied  and the performance o f  the a e r ia l  u sin g  com binations o f  su b r e f le c to r s  and feed  
horns has een analysed . The performance has been 'favourab ly  compared w ith  the conven­
t io n a l  sym m etrical C assegrain a e r ia l  and th e c e n tr e -fe d  a e r ia l .
The p r a c t ic a l  d esig n  o f  th e su b r e f le c to r  i s  complex and th e primary performance i s  
s e n s i t iv e  t o  th e p o s it io n in g  o f  the feed  horn r e la t iv e  t o  th e s u b r e f le c to r . The optimum 
p a ra b o lo id . illu m in a tio n  occurs when th e horn i s  o f f s e t  such th a t  the maximum r e f le c te d  
energy i s  d ir e c te d  approxim ately along th e  p a ra b o lic  a x is . S te p s .in  th e  d e s ig n  o f  th e  
a e r ia l  are g iven  and once th e su b r e f le c to r  shape and horn r a d ia tio n  p a tte r n  are knovm a 
computer program employing a num erical in te g r a t io n  technique can be used t o  c a lc u la te  the  
r e d is tr ib u t io n  o f  energy from th e  s u b r e f le c to r . Very good agreement between th e  c a lc u la te d  
and measured p a ttern s is .o b ta in e d . . I t  should be p o s s ib le , using th is.m eth od  and r e fe r r in g  
t o  th e numerous.experim ental p a ttern s g iven , to  a ccu ra te ly  p r e d ic t  th e  prim ary.energy  
d is tr ib u t io n  from any h o rn /su b re flec to r  com bination. - , ._
The optimum experim ental secondary performance i s  achieved fo r  a 14 f t  d iam eter parabolo id  
using a 27° su b r e fle c to r  and a 6 in  diam eter dual mode horn o f f s e t  3° from th e  su b r e fle c to r  
a x is . The performance w ith  su b r e fle c to r s  having hyperboloid  an g les g rea ter  than  27° i s  
degraded because th e blockage and s c a tte r in g  o f  energy by th e  horn and su b r e f le c to r  
in crea se  and i t  becomes more d i f f i c u l t  t o  ach ieve h igh  illu m in a tio n  e f f i c i e n c i e s . and high  
gain  fa c to r s . The d esign  technique su g g ests  th a t reducing th e  hyperbolo id  o f f s e t  angle  
below 27° would n ot on ly  d ir e c t  th e  h yp erb olic  s p i l lo v e r  in to  a l e s s  d e s ir a b le  re g io n  o f  
th e  sky but would a ls o  in crea se  th e  d i f f i c u l t i e s  in  ach iev in g  e f f i c i e n t  p arab o lo id  
illu m in a tio n .
Numerical in te g r a tio n  o f  th e  secondary r a d ia t io n  p a ttern s has shown th a t  h igh  e f f i c i e n c i e s  
are p o ss ib le  w ith  th e o f f s e t - f e d  C assegrain a e r ia l .  The hyp erb olic  s p i l lo v e r  i s  
r e d is tr ib u te d  in  a c o n ic a l zone and an improvement in  n o ise  tem perature o f  about 10 k e lv in
a e r ia l  gain  'is reduced by about 0 .5  dB. However an improvement in  Figure o f  M erit o f  
0 .2  dB could  be d erived  i f  an o f f s e t - f e d  C assegrain  a e r ia l  rep laced  a sym m etrical 
C assegrain  a e r ia l ,  p o in tin g  a t  an e le v a t io n  o f  5 ° , having a system  n o ise  tem perature o f  
6 7 .5K and having a h yp erb olic  s p i l lo v e r  con ten t o f  10# o f  th e  t o t a l  rad ia ted  energy.
During th e development o f  th e  o f f s e t - f e d  C assegrain a e r ia l ,  improvements have been made to  
both th e  c e n tr e -fe d  a e r ia l  and th e  con ven tion a l sym m etrical C assegrain  a e r i a l . . . In  the  
case  o f  th e  c e n tr e -fed  a e r ia l  th e  lo s s  introduced by the r e c e iv e  waveguide feed er  has been
OO
reduced by the use o f  o v ersized  waveguide and the e f f ic ie n c y  o f  the sym m etrical C assegrain
■
on
a e r ia l  has been improved by reshaping th e su b r e fle c to r  and th e  parab olo id . T h is . la t t e r  
technique could  p o ss ib ly  be u t i l iz e d  in  th e o f f s e t - f e d  C assegrain d esign , however th e problem 
i s  more complex .s in ce  th e  su b r e f le c to r  shaping would not be sym m etrical about th e  hyper­
b o lo id  a x is .
The o f f s e t - f e d  C assegrain  a e r ia l  e x h ib it s .a n  advantage over th e  Open C assegrain  a e r ia l  
d esign  because a sym m etrical parabolo id  i s  used . This e l im in a te s :th e  need fo r  a 
r e f le c to r  made from a p ortion  o f  a la rg er  paraboloid  which in crea ses  th e d i f f i c u l t i e s  o f  
manufacture and in crea ses  th e c o s t  o f  th e  a e r ia l  s tr u c tu r e . In th e o f f s e t - f e d  C assegrain  
d esig n  th e su b r e fle c to r  i s  asym m etrical, however iu  has been shown th a t , o f f s e t  su b reflecto rs  
can be made a ccu ra te ly  and econom ically  by a m etal spraying techn ique.
The o f f s e t - f e d  C assegrain a e r ia l  has f u l f i l l e d  th e  prime o b je c t iv e  o f  reducing th e  a e r ia l  
n o ise  temper a tim e by r e d is tr ib u t in g  th e h yp erb olic  s p i l lo v e r  and d ir e c t in g  i t  towards, the  
co ld  sky. C onsiderable advantages are t o  be gained a t  low e le v a t io n  an g les and se r io u s  
co n sid era tio n  must be given  to  th e o f f s e t - f e d  Cassegrain d esig n  when an a e r ia l  i s  req u ired  to  
g iv e  high, e f f ic ie n c y  and minimum n o ise  when working w ith  s a t e l l i t e s ' j u s t  above, th e  h orizon .
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The primary feed  measurement program n e c e s s ita te d  the use o f  an a e r ia l  t e s t  range 
f u l f i l l i n g  Ins io llo w ijiy  requireiiieiius.
1 Sturdy tu rn ta b le  capable o f  supporting th e su b r e fle c to r  and horn during the  
measu. ament.
2  T ransm itter g iv in g  100 mW a t 1 1 .1  GHz and a r e c e iv e r  capable o f  a m p lify in g . the  
s ig n a ls  , over a 50 dB range. . .
3 P lo t te r  provid ing a c le a r  tr a c e  over a l in e a r  range o f  30 dB.
4 Accurate m echanical coup ling  between th e tu rn ta b le  and th e p lo t t e r ,  to g eth er  
w ith  an accurate means o f  p o s it io n a l  co n tro l o f  th e tu rn ta b le .
5 E le c tr ic a l  and m echanical equipment r e a d ily  a c c e s s ib le  fo r  maintenance and 
adjustm ent.
6 Safe working environment fo r  operating p erson n el.
7  Adequate p r o te c t io n  o f  equipment in  a l l  weather c o n d itio n s .
8 Measurement range to  be c le a r  o f  r e f le c t in g  obj'ects.
An a e r ia l  t e s t  range meeting th e se  requirem ents was not a v a ila b le  and th e  n ecessa ry  equip­
ment had to  be acquired and assembled before th e measurements could be s ta r te d .
The b a s ic  requirem ent fo r  a tu rn ta b le  was s a t i s f i e d  by m odifying an ex-army a n t i - a ir c r a f t  
radar t r a i l e r .  The r e f le c to r  and th e a sso c ia te d  e le v a t in g  equipment were removed from th e  
tu rn ta b le  column which protrudes through the r o o f  o f  th e t r a i l e r .  A j'ack mechanism w ith in  
the cabin  enables th e column to  be r a ise d  and lowered by about 15 in . When f u l l y  e le v a te d  
th e  fla n g e  a t th e top  o f  th e  00112101 c le a r s  th e  r o o f  by about 12 in . The d r iv e  gear 
provid ing azim uthal r o ta t io n  i s  s itu a te d  a t th e  base o f  the column and has m agslip  readouts  
fo r  p o s it io n a l inform ation. Two d ia ls  v/ith  0° to  360° and 0° to  10° s c a le s  enable th e
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made to  th e  tu rn ta b le  u n it  were the p ro v is io n  o f  a sim ple v a r ia c  motor c o n tr o l u n it  and 
a 10:1 red u ctio n  gear box on the d r iv e  motor, an o i l  pump and a .g ea r  box, which p rovid es  
a d rive  fo r  the synchro l in k  between the tu rn ta b le  and th e chart recorder. With th e se  
m o d if ic a t io n s .i t  i s  p o s s ib le  to  d r iv e  th e tu rn ta b le  u sin g  the o r ig in a l {  hp dc motor a t  
any speed in  th e  range 1 /2 0  to  3 rpm.
.In  co n tra st  t o  th e sm all feed s employed a t  th e p rim e-focus o f  paraboloids th e  C assegrain  
co n fig u ra tio n  p resen ts  a measurement problem because o f  th e  r e la t iv e ly  la rg e  dim ensions 
and w eights in vo lved . The supporting str u c tu r e s  a v a ila b le  fo r  open-ended waveguide and 
c o -a x ia l  aperture measurements are not su ita b le  and a s p e c ia l  feed  support s tru c tu re  i s  
requ ired . A 4 f t  by l-g f t  aluminium a l lo y  sh e e t , q in  th ic k , b o lted  onto th e  tu rn ta b le  
fla n g e  p r o v id e s . a s u ita b le  b a s ic  s tr u c tu r e . Two h o r iz o n ta l aluminium a l lo y  sc a f fo ld  
p o le s . g ive  a d d it io n a l lo n g itu d in a l support and a ffo rd  a convenient means o f  attachm ent fo r  
th e  other sc a ffo ld in g  p arts.w h ich  b u ild  up th e  d es ired  feed  supporting s tr u c tu r e . The 
primary range tu rn ta b le  is.sh ow n  in  Photograph Neg. RES 17439.
The cab in , w ith  a l l  th e radar equipment removed, p r o v id e s .a  convenient area fo r  th e  
in s t a l la t io n  o f  th e  n ecessa ry  tra n sm ittin g  and r e c e iv in g  equipment and ch art record er. An 
a d d itio n a l advantage i s  th a t the operator and th e equipment are s itu a te d  below  th e turn­
ta b le  and th ere fo re  lea v e  th e measurement range c le a r  from o b s ta c le s .
A b lock  diagram o f  th e  range equipment i s  . g iven  in  Drawing RES 22170. The tra n sm itted  
s ig n a l i s  obtained from a k ly stro n  o s c i l la t o r  which is .sq u a r e  wave am plitude modulated a t  
1 kHz. The k ly str o n , which has a maximum output o f  100 irM, can be tuned t o  any frequency  
w ith in  the range 9S75 MHz to  11800 MHz. The o s c i l la t o r  output power is .m o n ito red  by means 
o f  a waveguide probe and the frequency i s  monitored by means o f  a d ir e c t  read in g  c a v ity  
wavemeter. S ig n a l le v e l  adjustm ents are made w ith  a pad atten u ator and the l in e a r i t y  o f  
the r e c e iv in g  equipment i s  checked by in troducing a tten u a tio n  in to  th e  r . f .  path  by means 
o f  a p r e c is io n  ro ta ry  vane a tten u ator (0 to  50 dB). The tra n sm itter  energy i s  tra n sferred  
through a 50 f t  waveguide feed er  to  th e  range illu m in a tin g  horn- The horn, v/hich has a
ro ta te  about i t s  a x is . A 'sh o r t-len g th  o f  tv /is  ta b le  f le x ib le  waveguide and a rec ta n g u la r  
to  square waveguide transform er jo in  th e  waveguide feed er  to  th e rear  o f  th e horn. This 
arrangement perm its the horn to  be r o ta te d  through 90° and f a c i l i t a t e s  the tra n sm issio n  
o f  h o r izo n ta l and v e r t ic a l  p o la r iz a tio n .
A s p e c ia l  cra d le  was designed  t o  suppcrt th e  r e c e iv in g  horns on th e  tu r n ta b le . The 
rece iv ed  plane o f  p o la r iz a t io n  i s .s e le c te d  by r o ta tin g  th e  rectan gu lar  t o  c ir c u la r  wave­
guide transform er feed in g  th e horn. A sh o rt len g th  o f  tw is ta b le  f l e x ib le  waveguide 
connects th e  transform er to  a len g th  o f  wave guide which i s  in  turn connected t o  a harmonic 
m ixer. The harmonic mixer i s  mounted in  a se a le d  box d ir e c t ly  above th e  tu rn ta b le  column 
and i s  connected t o  th e  r e c e iv in g  equipment in s id e  the cabin  by means . o f  a c o -a x ia l  cab le  
which p a sses  through , a h ole  in  the cen tre  o f  -the tu rn ta b le  column. A c o -a x ia l  r o ta ry  
j o in t  mounted a t  th e  base o f  th e  column a llow s th e  tu rn ta b le  to  r o ta te  co n tin u o u sly  
w ithout d istu rb in g  th e  s ig n a l  path . A c o -a x ia l  hybrid fo llo w s the ro ta ry  j o in t  and 
f a c i l i t a t e s  the in je c t io n  o f  a lo c a l  o s c i l la t o r  s ig n a l  having a frequency o f  about 3 .5  GHz. 
The th ir d  p ort o f  th e  hybrid i s  connected to  a c o -a x ia l  load and th e  fou rth  t o  a f i l t e r  
w ith  a c u t - o f f  frequency o f  1 .5  GHz. This f i l t e r  i s .  fo llow ed  by a 70 MHz passband f i l t e r ,  
bandwidth 5 MHz, v/hich a ls o  provides th e n ecessa ry  b ia s  current fo r  th e  harmonic m ixer.
The passband f i l t e r  i s  fo llow ed  by se v e r a l s ta g e s  o f  70 MHz a m p lif ic a t io n  and a 
chart recorder.
The r e c e iv in g  system  p rovid es an i . f .  s ig n a l a t  70 MHz when the d iffe r e n c e  between th e  
th ir d  harmonic o f  th e lo c a l  o s c i l la t o r  frequency and th e tra n sm itter  frequency i s  70 MHz. 
The i . f .  generated a t th e  harmonic mixer propagates down th e tu rn ta b le  column c o - a x ia l  . 
cab le  and i s  am p lified  in  the subsequent i . f .  s ta g e s . The system  i s .v e r s a t i l e  in  th a t  a 
whole range o f  tra n sm itter  and 3ocal o s c i l la t o r  freq u en cies can be combined to  g iv e  an i . f .  
o f  70 -MHz.
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a m p lif ie r . The f i r s t  sta g e  i s  a low n o ise  a m p lifier  having a gain o f  32 dB. The second  
stage  ampl.i f i e r  has a gain  o f  33 dB. The i . f .  a m p lif ie r  employed to  produce the  
logarith m ic  output i s  a m odified v e r s io n  o f  PO. A m plifier  Mo. 107B. The m odified  a m p lif ier , 
d esign ated  A m plifier  No. 1583, e x h ib its  a logarith m ic  a .g .c .  c h a r a c te r is t ic  fo r  a wide 
amplitude range o f  input s ig n a ls  .over a frequency band o f  ±  1 5 'MHz centred  on 70 MHz. The 
input s ig n a l  range over which th e  lo g a r ith m ic . law h o ld s . i s  norm ally 48  dB (-5 0  dBm to  
- 2  dBm) , and th e  corresponding a .g .c .  v o lta g e  range i s  2 .9  v o l t s  (0 .6  v o l t s  to  3. 5 v o l t s ) .  
The a .g .c .  v o lta g e  i s  ap p lied  to  the input o f  a y - t  c h a r t . recorder s o  th a t  th e  r a d ia t io n  
p a ttern  o f  the feed  under t e s t  can be rep resen ted  on a chart w ith  dB p lo t te d  on a l in e a r  
s c a le .  In order to  ensure th a t f u l l  advantage i s  talien  o f  th e  l in e a r  p o r tio n  o f  th e  
lo g a r ith m ic .a m p lif ier  c h a r a c t e r is t ic .th e a .g .c .  v o lta g e  corresponding t o  th e  peak o f  th e  
ra d ia t io n  p a ttern  i s  checked b efore  each p lo t .  I f  n ecessary  th e  transm it s ig n a l  i s .  
adjusted  u sin g  th e  pad a tten u a to r  to  g iv e  a maximum a .g .c .  v o lta g e  o f  3 .5  v o l t s .  The 
l in e a r i t y  o f  th e  system  can be checked p e r io d ic a l ly  by in troducing  s te p s  o f  a tten u a tio n  
in to  th e  transm it path u sin g  th e  r o ta ry  vane atten u ator; equal a tten u ator  s te p s  r e s u lt  in  
equal chart recorder pen s te p s  fo r  a range o f  about 40 dB when th e  system  i s  op tim ized .
The chart recorder used i s  a commercial l in e a r  p o ten tio m etr ie  record er. E leven measuring 
ranges w ith  f ix e d  s e n s i t i v i t i e s  from 100 (IV/m t o  lV/cm are provided g iv in g  f u l l  s c a le  
v a lu es  from 2 mV_to 20  v o l t .  The measuring range norm ally, employed fo r  p a tte r n  p lo t t in g  
i s . 2 v o l t  f u l l - s c a l e  v a lu e . The p lo t t in g  accuracy i s  ±  0.5% o f  f u l l - s c a l e  v a lu e  and th e  
response tim e fo r  f u l l - s c a l e  d e f le c t io n  i s  one second. The t - a x i s  o f  th e  chart record er  
i s  e lec trd -m ech a n ica lly  coupled to  th e tu rn ta b le  by means o f  a synchro l in k . A gearbox 
mounted on the chart recorder enab les the operator to  s e l e c t  chart speeds o f  2 ° /cm or 
1 0 °/cm. •
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v a r ia t io n  b efore  running in to  n o ise . A 0 to  40 bB range can be p lo tte d  on th e ch art w ith  
p e r fe c t  l in e a r i t y  v/hich en ab les th e  r a d ia tio n  p a ttern s  to  be e a s i ly  compared and a ls o  
f a c i l i t a t e s  accurate a n a ly s is .
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The b a s ic  equipment required to  b u ild  up a secondary r a d ia tio n  p a ttern  measurement range 
was a v a ila b le  a t a Post O ffice  o u ts ta t io n  near S t.A lb an s. The equipment included a 14 f t  
p arab olic  r e f le c to r  mounted on a tu rn ta b le , to g eth er  w ith  th e a sso c ia te d  r a d ia tio n  
p a ttern  p i it in g  equipment.
The tra n sm ittin g  end o f  th e  1400 f t  range com p rises.a  k ly str o n  o s c i l la t o r  having a 
maximum output power a t  1 1 .1  GHz o f  1 w a tt, an is o la t o r ,  a pad a tten u ator  and a d ir e c t  
reading w avem eter.. The horn a n d .it s  support are id e n t ic a l  t o  th ose  used to  illu m in a te  
the primary feed  range. The horn support i s  clamped onto a s c a f fo ld  tower in  such a way 
th a t  the h e ig h t o f  th e  horn above th e  ground can he v a r ied  by about 8 f t .  This f a c i l i t y  
i s .u se fu l during the i n i t i a l  alignm ent o f  th e paraboloid  and th e  tra n sm ittin g  horn. The 
angle o f  e le v a t io n  o f  the d ish  and th e  h e ig h t o f  th e  horn are ad ju sted  w h ile  th e  rece iv ed  
s ig n a l le v e l  i s  m onitored. When the rece iv ed  s ig n a l le v e l  i s  a maximum t h i s . in d ic a t e s . 
th a t  th e  tra n sm ittin g  horn and th e d ish  e le v a t io n  are c o r r e c t ly  a lig n ed  and can be locked  
in  p o s it io n .
The secondary range r e c e iv e r  in s t a l la t io n  i s . s i t u a t e d  on th e  tu rn tab le  and r o ta te s  w ith  
th e  14 f t  parabolo id . The r ece iv ed  s ig n a l i s  combined in  a c r y s ta l  mixer w ith  a s ig n a l  
generated in  a k ly stro n  o s c i l l a t o r .  The k ly str o n  o s c i l la t o r  s ig n a l ,  which i s .modulated  
a t 1 kHz, i s  tuned to  a frequency 60 MHz lower than the tra n sm itter  o s c i l la t o r  frequency. 
The in term ediate frequency s ig n a l i s  am p lified  in  a commercial r a d ia t io n  p a tte r n  p lo t t e r .  
The p lo t t e r  con ta in s a 50 dB p is to n  a tten u ator  coupled t o  a servo  system . The servo  
system  com pensates. fo r  changes in  th e amplitude o f  the rece iv ed  s ig n a l  by a d ju stin g  th e  
p is to n  a tten u a to r . The a tten u a to r  i s .m echanically  coupled to  th e  pen on th e  x - y  recorder  
and p r o v id e s .a  50 dB lin e a r  tra ce  on th e ch a rt.
I t  i s  d e s ir a b le  to  p lo t  s ig n a ls  lower in  le v e l  than -5 0  dB r e la t iv e  t o  th e  main lobe
maximum. In order t o  s a t i s f y  t h i s  requirem ent a tten u a tio n  i s  added t o  th e  re c e iv ed  s ig n a l
u sin g  an a tten u ator in  the waveguide feed er  w h ile  th e main lob e reg io n  o f  th e  r a d ia t io n
p a ttern  i s  p lo t te d . T h is . a tten u a tio n  i s  . removed fo r  th e remainder o f  th e  p lo t  and en ab les
s ig n a l l e v e l s  approaching -7 0  dB to  be recorded.
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chart s c a le s  o f  l° /cm , 5 ° /cm and 10°/cm to  be s e le c te d  according to  the p lo t t in g  accuracy- 
req u ired .
The t u r n ta b le .is  d riven  by means o f  an e le c tr ic .m o to r  through an i n f in i t e ly  v a r ia b le  
gearbox. The speed o f  a e r ia l  r o ta t io n  can th ere fo re  be adjusted  to  ensure that, th e  pen 
a ccu ra te ly  fo llo w s  th e  r ece iv ed  s ig n a l v a r ia t io n s .
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I_____________________________________________________________________________I
COMMERCI AL R A D I A T I O N  P AT T ERN RECORDER
(2.Z
RADIATION PATTERNS
A. GEIS Algol.Com puter Program 
k OA' ISG 1 8 J 3 U  G E I 5  iJ 2 6 / 0 6 /  70
1 0 0  BEG .L N k L A L  Ak KA Y \7 C 0  s 1 6 0  J ; A2C 0 I 4 6 0  J ; 0  C 0  • 9 6 0 0  >
11 G k  EAL A ; A 1 ; A>A1 ; B ; C ; / > 0 / ;  I ; I 1 ;  0 i ;  1 1 1 ; CC ; CC 1 > ' Y ; Y Y ; Y Y 1 ; 6 5
1 2 0  1 N I EGEK I ; P ; 5 ; ' , > j
13 0  k EADAFAC T E L E F Y P £ ; A ; 8 ; C ; Z ;  S ; U) ; *
14 0  K : = 5 7 o 2 9 5 7 8 ;  A l : = B / A ;
15 0  P : = 1 0 ;  !
1 6 0  S : = S * P J
1 7 0  FOK I :  = 0 S T E P  1 U N T I L  2 4 * P  DO B E G I N  
1 6 0  T :  = I / C P  EK) ;
190  T1 : = SIN.C D / C O S C  1 ) > '
2 0 0  X 1 : = A 1 * GUP F C B * 8 - 1 1 * F 1 * 2  * ( 2 * A - L  ) ) J 
2 1 0  X : = - ( £ * r i * f l - B * A l >;
2 2 0  X 1 : = ( X - X 1 ) / ( T 1 * T 1 - A 1 * A 1 ) ; .
2 3 0  Y : = ( X 1 + £> * T 1 i
2 4 0  X 2 l I J : = A k C F A N ( Y /  ( C - A - X 1 ) ) * K ;
2 5 0  I F  X 2  L I J < 0 THEN X2 C I J : = X2 C I J + 1 8 0 ;
2 6  5 ENDJ
2 7 0  P k I N T C "  ' S S / p j " " *  X 2 C S J  ) ; .
2 8 0  FOK I : 1 S F E P  1 U N T I L  0 DO
2 9 0  K E A D A F A ( E l ENENI  S ; V C  I j  ) ;
3 0 0  DATA E l E NENTS  : = . .
3 4 2 • 9 9 9 9 ;  • 9 9 9 6 ; . 9 9 6 9 ; •  9 9 7 8 ; . 9 9 6 3 ; • 9 9 4 5 ; . 9 9 2  4 * 9 8 9 6 ; » 9 6  7 0 ;  « 9 8 3 8 ;
34 4 • 9 8 0 2 ; • 9 7 6 3 ;  • 9 7 2 0 ; . 9 6  7 4 ; . 9 6 2 5 ; . 9 5  7 3 ; . 9 5 1 7 » 9 4 5 8  ; * 9 3 9 6 ; . 9 3 3 1  ;
3 4 6 • 9 2 6 3 ;  • 9 1 9 3 ; • 9 1 1 9 ; . 9 0  4 2 ; • 6 9  6 3 ; . 6 8 8  1 ; . 8 79  7 * 8 7 1 0 ;  • 8 6 2 1 ; * 8 5 2 9 ;
3 4 6 • 8 4 3 5 ;  • 6 3 3 9 ; • 8 2  4 1 ; * 8 1 4 1 ; • 8 0  3 9 ; • 7 9 3 5 ; . 78  2 9 .-7 7 2 2 ;  . 7 6 1 3 ; . 7 5 0 3 ;
31 0 • 7 3 9 1  ; • 7 2  7 9 ; . 7 1 6 5 ; . 7 4  5 0 ; . 6 9  3 4 ; . 6 8  1 7; . 6 6 9  9 * 6 5 8 1  ; * 6 4 6 2 ; . 6 3 4 2 ;
31 2 • 6 2 2 2 ;  • 6 1 0 2 ; * 5 9 8 2 ; • 5 8  6 1 ; . 5 7 4 0 ; • 5 6 2 0 ; . 5 4 9 9 . 5 3  7 9 ;  . 5 2  5 9 ;  • 5? 3 9 ;
31 4 • 5 0 2 0 ;  - 4 9 4 1 ; * 4 7 8 3 ;  * 4 6 6  6 ; . 4 5 49 ; . 4 4 3 3 ; . 4 3 1 8 * 4 2 0  4 ;  * 4 1 3 8 ;  . 4 0  7 2 ;
31 6 • 4 0  0 6 ;  • 3 9 1 7; • 3 8  2 9 ;  * 3 7 4 2 ; . 3 6  5 6 ;  . 3 5 7 0 ; • 3 4 8 5 * 3 4 0  1 ; • 3 3 1 8 ; . 3 3  3 6 ;
31 8 • 31 5 5 ;  » 3 0  7 5 ;  . 2 9 9 6 ; . 2 9 1 8 ; . 2 8 4 1 ; . 2 7 6 4 ; • 2  6 8 9 * 2 6 1 6 ; • 2 5 4 3 ; « 2 4 7 1 ;
3 2 0 • 2 4 4 4 ;  • 2 3 3 1  ; • 2 2  6 2 ; * 2 1 9 5 ; . 2 1  2 9 ; * 2 0 6 4 ; . 2 0  0 0 • 1 9 3 8 ; « 1 8 7 6 ;  * 18 1 6 ;
3 2 2 • 1 7 5 7 ; . 1 6 9 9 ;  . 1 6 4 2 ; *  1 5 8  7; . 1 5 3 2 ; . 1 4 7 9 ; . 1 4 2  7 • 1 3  7 6 ; » 1 3 2  6 ; . 1 2  7 8 ;
32  4 • 12  3.:); • 1 18 4 ;  . 1 1 3  9 ;  * 1 0 9 5 ; . 1 4  5 2 ; . 1 0 1 0 ; » 4 9 6 9 ; * 0  9 3  0 2 ; . 0 6 9 1 7 ; * U T) 0 A A ;
3 2 6 • 0  8 1 8  0 ; • -0 7 8 2 8 ; * 0 7 4 8 5 ;  * 0  71 5 3 ;  * 0  6 8  3 1 ; * 0 6 5 1 9 . 0 6 2 1 7 ; . 0 5 9 2 5 ; • 0 5 6  4 2 ;
3 2 6 • 0 5 3  6 3 ; . 0 5 1 0 4 ; . 0 4 8 4 9 ;  » 0 4 6 0  3 ;  • 0 4 36 5 ;  « 0 4 1 3  6 * ’4 3  9 1 6 ; . 0 3 7 0  4 ;  * O 3 5 O <J ;
3 3 0 • 0 3 3 4  4 ; . 0 3 1 1 5 ; * 0 2  9 3 4 ; * 0 2 7 6 1 ; * 0 2  5 9  5 ;  • 0 2 5 3 6 . 0 2  4 5 8 ; . 0 2  3 7 0 ; ? 0 2 2 8 2 ;
3 3 2 • 0 2 1 9 4 ; . 4 2 1 4 6 ; * 0 2 0 1 8 ; * 4 1 9 3 0 ; * 0 1 8  4 2 ; • 0 1 7 5 4 • 0 1 6 6 6 ; . 0 1 5  76 ; *01  4 9 0 ;
3 3 4 • 0 1 4 0 2 ; . 0 1 3 1 4 ; * 0 1 2 2 6 ; . 0 1 1 3 6 ; • 0 1 0 5 0 ; -
3 o 0  FOK I : = - 2  4 * P + 1  S F E P .  1 UN F I L  2  4 * P  1)0 
3 6 0  DL I +2  4 * P  J : = A B S C X 2 L A B S C I ) J - X 2 C A B 5 C I  -  1 ) 3  ) ; 
37 0 T : = F 1 : = F I : = F FI : = Y Y : = Y Y 1 : = 2 0 : = 9 C 0 J : = U ;
3 6 0  C C • ~ C C 1 •■—I i
4 0 0  FOK I s =1 S F E P  1 U N T I L  0 0 0  
41 0 B E G I N
4 2 0  T : = F 1 J r r :  = T T l ;  C C : = C C 1 J  Y Y : = Y Y l ;
43 0 F T 1 I = C 0  L S +• 2  4 * P ~ I + 1 J + l ) l S  + 2 4  + P +  I J ) /  2  i
4 4 0  r i : -  r i ' i + t ;
4 5 4  C C 1 : = C 0 5 ( 1 / ( P * K  ) ) J
4 6 0  YY1 : = C C C 1 - C O / C C O S C  n/X)-COSC r / X )  ) ;
4 7 4 r Y 1 : = v c 1 3 * Y r' 1 >
4 7 5  P K I N  1 C Y Y1 ; >
4 0 0  AZ :  = 4 . 3 4 2 9 4 4 8 * L N ( 1 / Y Y 1  > J 
49 O 9 C I J : = l> L 2 4 * P + S + I J + V L I -  1 J ;
6 4 O Y Y 1 : “  D L  2 4  +  P + S - I  +  1 J +  Y Y ;
51 0 P K I N  i < 2 4 ;  ‘"V;  9 l I 3 ;  r Y1 ) i 
5 2 4  END;
5 3 0  ENi j ;
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APPENDIX III Continued
B. GEIS Computer Output fo r  Horn O ffse t 4° .
R0A053 1 0 : 49 G265 t) 0 4 / 0 2 / 7 1
? 1 5 • 6.» 1 2 * 5 1 5 6 ■>20.»35*6.»4j, 160
4 3 1 * 5 5 4 3
1 • 7 8  0  6 5 S -  2 1 7 .  4 9  4 2 . 7  4 8 3 1  7 • 7 51 5 4  7
1 . 7  7 5 6 3 5 - 2 1 7 . 5 0 6 3 1 • 4 9  4 8  6 1 . 5 0 5 7 /
1 .  7 7 5 / 7 5 - 2 1 7 .  5 0  5 7 2 . 2  3 3 0  7 ' 2 • 2  6 2  6 3
1 * 7 7 4 5 3 5 - 2 1 7 . 5 0  9 2  . 9 7 3  4 2 3 . 0 2 2 0  7
1 * 7 7 3 1  -7 5 - 2 1 7 . 5 1 2 5 3 • 7 1 5 8  6 3 .  7 8 4 0 3
1 • 7  7 0 3 1 5 - 2 1 7 .  51 3 3 4 . 4 5 0 3 4 4 . 5 4 8  4 7
1 . 7 6 3 4 7 5 - 2 1 7 . 5 2  4 5 . 1 8 1 8 3 5 . 3 1 5 3 2
1 . 7 6  5 3 6 S - 2 1 7 . 5 3 0  4 5 . 9 1 0 2 8 6 . 0 8  4 5 3
1 . 7 6 2 3 9 5 - 2 1 7 . 5 3  77 6 . 6 3 5 6 5 6 * 8 5 6 8 5
1 . 7  5 9 2 3 5 - 2 1 7 . 5 4 6 7 7 . 3  5 7 9 2 7 . 6 2 9 8  1
1 . 7 5 5 5 2 5 - 2 1 7 .  5 5  59 8 . 0 7 7 0 4 8 * 4 0 5  76
1 . 7 5 1 0 6 5 -  2 1 7' .  5 6  7 8 - 7 9 2  9 7 9 - 1 8  3 8 2
• 0 1  7 4 6  4 1 7 . 5  7 8 6 9 * 5 0 5 6 9 9 . 9 6 3 9 6
1 . 7  4 1 3 3 5 - 2  . 1 7 . 5 9 1  1 1 0 . 2 1 5 2 1 0 . 7 4 6 1
1 . 7 3 5 9 3 5 - 2 1 7 . 6 0 4 7 1 0 . 9 2  1 4 1 1 . 5 3 0 1
. 0 1 7  3 0 2 1 7 . 6 1 9 1 1 . 6 2  4 2 1 2 . 3 1 6 1
1 . 7 2  4 0 9 S - 2 1 7 * 6 3 4 4 1 2 . 3 2 3 8 1 3 * 1 0  3 8
1 . 7  1 7 3 9 5 - 2 1 7 . 6 5 1 3 1 3 . 0 2 1 3 . 8 9 3 3
1 . 7 1 0  5 6 5 - 2 1 7 . 6  6 8  6 1 3 . 7 1 2 8 1 4 * 6 8 4 4
1 . 7 0 3 2  7 S - 2 1 7 . 6 8  72 1 4 . 4 0  2 2 1 5 -  4 7  72
1 . 6 9  5 6 4 S - 2 1 7 .  7 0  6 7 1 5 * 0 8 8 1 1 6 . 2 7 1  4
1 * 6 3 7 3 6 S - 2 1 7 . 7 2 6 6 1 5 . 7 7 0 6 1 7 . 0 6 / 1
1 . 6 7 9 4 4 5 - 2 1 7 .  7 4 3  3 1 6 . 4 4 9  o 1 7 . 8 6  4 8
N ote. Only th e  f i r s t  few l in e s  o f  th e  output are shovn.
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APPENDIX IV COMPUTER PREDICTION OF HORN RADIATION 
PATTERNS
E l l i o t t  Autocode Computer Program
»»RWDa/*/AQDH/4CA> s
:8H-PLANE PATTERN SYNTHESIS FOR TECL,ID MODE 
ssLORDER OF THE BESSEL FUNCTION - 
J8M=SERIAL NUMBER OF THE ZERO OF J'L 
■::X*»FREQUENCY IN QC/S 
sjX j=APERTURE DIAMETER IN INCHES 
t:X2=INITIAL ANOLE 
i:X3=AMQULAR INTERVAL 
s:X4-FINAL ANCLE 
:jX5=’M ‘TH ROOT OF J'L 
s sX6=JLC’H 8TH ROOT OF J ’L)
SETV XC65YVC30MCDEFQC20HIJC iSocOKC 18oo5UC 20ZP
SETS ARS
SETF ARCTAH SQRT TRIQ LOQ f NT 
SETR 9
OCYCLE A-os i; 1800
JA-o v
KA=o “ • . a '". -■ r
REPEAT A 
7>CYCLE A=os t : 6  
READ XA '
REPEAT A
PRINT X rss3 . : '
4!) t i t l e
APERTURE DIAMETER IN INCHES =
Y ~20e> 9  7 9 / X  ‘
Y^Y/3  ^539998 
PRINT Xi, i• 3 
Y=Xi/Y
TITLE • ■ ‘ " '
APERTURE DIAMETER IN WAVELENGTHS =
PRINT Y,is3 '
LINE .
Y=3« i/tA5926*j^ Y 
READ P
CYCLE W=X2sX3sX4 
V=vJ/i3o 
Vi~SIN V 
C~Y*Vi
JUMP IP C=o@5 
R~o
SUBR 3 
R~’i
SUBR 3 
E«E/C 
E=D-E
E~s^E 
JUMP @5
6 ) E = i  ‘
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APPENDIX IV Continued
5DF=C/X5 • <
F==poF
F^E/F 
Vs-COS V 
Q-Xs/T .
Q“Q^Q >
Q"i-Q ■
Q--SQR7 Q '
H-Q-i-V 2
H~H«F
1 = -H/l
J S27 8 9 5 ® 6 8 « Y  
J~J*X 
J-J&X6 
J = J « I  
SUBR 9 
US-1 
KS=J ■
REPEAT U
CYCLE U=X2?X3:X4•
SUBR 9 
LINE
PRINT W,3: 2 
PRINT KS*4/
KS«JS ‘ • > ■ ,
KS^MOD KS 
PRINT KSf4/
PRINT JS^4/
K-LOQ KS
K~o« 43429448sfiK
K = 20  TV:' ' —
PRINT K.d/ '
K~JS©J$
PRINT K 
REPEAT W
JUMP @1 ,
9>Z=W*P 
■ZsZ+O©!
S~I NT z 
EXIT
2 > @3 o R$ 4 3 4 .
3 0 C J 0 0 0
73 7 ^ 4<>9 *
20ES 403}
3oC?ooo 
7 3 7 ? • 40 8 ^
20D* 403}“: BESSEL FUNCTION Bl i  2MOD I 
5
% t?Y 1 'T’\ s i«A 1 t
STOP 
START 1
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ArruwuiA v uuwruTJbJK AiMALiblb UD JtdUMAKY RADIATION 
PATTERNS
A-.- E i3 .io tt Autocode Computer Program
S l R W D / 3 / 2 / A Q D M / 2 3 C C 3 5
. SETV AC6o5BC6o 5EC6oDXMMC6 5RPOC45SC4?TYKOQUC6o 5 J 
SETS ICC 3^DFMVLWZ'
SETF TR!Q EXP SORT LOQ
SETR 20
iDTITLE
■"PRIMARY FEED RADIATION PATTERN MEASUREMENTS,EVALUATION OF 
• AERIAL QAlNpQAlN FACTOR AND ILLUMINATION EFFICIENCY.
READ Q ‘ • .
READ 0 .. •
READ C 1 
READ Cz 
READ C3
CYCLE Z-os'ij 60 '
READ M v ' ,
AZ=M
JUMP IF-AZ>Q0 i8 ' '
AZ=Q
185REPEAT Z .
' K«A
CYCLE Z=os *560'
AZsK-AZ
AZ~AZ/0 '
REPEAT Z - 
CYCLE Z=ojij6o 
AZ^AZ*© 23026 
AZ=EXP AZ
AZ=i/AZ *
REPEAT Z 
CYCLE I~os &:60 
BI=A!
■ EI*=A! . -
'REPEAT ? ■ ■  ^ ^
CYCLE I = o s 30 
X“STAND I
T«5 *X •
T“T/i8o 
Y=3 IN T .
Ei=E!«-Y
REPEAT I
CfCLE I “3 15 i; 60
T=STAMD I
T-T-30
T£sT*J»i5o
T=T/i8o
Y~SIM T
E ! ~E! «>Y
REPEAT I '
M~o
CYCLE I=i5 2^29 
M«=M+EI 
REPEAT'-I
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APPENDIX V Continued (l)
' H~FKvf ■
N - o
CYCLE 1=253528 
■ N = N + E I  
s^REPEAT I 
N=N*2 
N « N + M  
N = N + E o  
■ N = N + E 3 o  
N ~ M / i 8o
■Ni-N'j,/3 
H=o
CYCLE I =3 15 as 59
M * M + E I
REPEAT I
M = M *4
N=o
CYCLE !=32?2:58 
N=N*E!
33 REPEAT I
N “N*2
N = N + M
M=N*fE30 -
Ns=N+E6o
N = N / i 8o
N 2* N / 3
N —N i -f"N 2
N5«N<»3e’14159
Ns»a/N5
N6=LOQ R5 '
".■N6=4» 3 4 2 9 4 4 8 a * N 6
t i t l e
AERIAL QAIN CD ED - 
PRINT. N6, 4 
LINES 2 
CYCLE 1=051230 
X«STAMD I 
T “X / 7 2
t « t a n  t
b i =s q r t  bi 
BI~BI*T 
REPEAT I 
TITLE
APERTURE QAIN ILLUMINATION 
ANQLE FACTOR EFFICIENCY
CYCLE C=CijC22-C3
H=5^C 
SPACES 4 
PRINT HP3 
SPACES 3 
P =0
APPENDIX V Continued (2)
6 3 REPEAT I • . -
: ' " P = 4 ' * P '
R*=4^R . .
Q=o 
S~o 
F * G - 3  
. CYCLE I=a:a:F  
QssQ4*B!
■ S = S + E I  
73REPEAT !
Qs=Q
S = S <>2 
Q=P-fQ 
Q=Q*I*BC C 3 
Q -Q/lo 8 
Q = 0 ^ 3 ® i 4i  59 
Q=Q«Q 
Q eeQ « H 5  
T = S T A M D  H  
T=T/36o 
T s = T  A N  T  
T=i/T 
. . - T = T « T .
Q ~ Q * T
S = R + S
S”S4*ECC>
S~S/&8o 
S=S*4 
S=S/3 
193S-S/H 
P R I N T  0 , 3  
SPACES 3 
PRINT Sp4 
LINE
163REPEAT C 
JUMP @i«; 
i5 3READ”M 
JUMP IF M”999@2o 
JUMP ©45 
203STOP 
‘START i
APPENDIX V Continued
B. T yp ica l Computer Input
27 DEQREE SUBREFLECTOR, 6 INCH DIAMETER DUAL MODE HORN 
OFFSET 3 DEQREE,
FREQUENCY i*.i GHZ. ' . ' '
SYMMETRICAL PLANE RADIATION PATTERN CINCLUDING SUBREFLECTOR 
SPILLOVERS.
H-PLANE CRHS5. - -
£0 _ 
2
iO
2
30
•
' ■’
8 4 84 , 85 86 86 85 86 85 8 4 84
85 83 80 74 6 8 6 6 6 0 55 53 44
4 8 4 i 39 44 33 28 20 43 28 45
48 8 3 . 6 5 56 4 2 5o . 5c 6 3 57 6 8
8 1 82 84 86 86 86 85 8 4 84 83
83
75
999
82 80 77 •71 .72 71 70 6 8 6 8
C. T yp ica l Computer Output
PRIMARY FEED RADIATION PATTERN MEASUREMENTS,EVALUATION OF 
AERIAL GAIN,GAIN FACTOR AND ILLUMINATION EFFICIENCY.
27 DEQREE SUBREFLECTOR, 6 INCH DIAMETER DUAL MODE HORN 
OFFSET 3 DEQREE,
FREQUENCY < i* i QHZ©
SYMMETRICAL PLANE RADIATION PATTERN CINCLUDINQ SUBREFLECTOR 
SPILLOVER}•
H-PLANE . CRHS9©
AERIAL' QAIN CDB>'= 4.751
APERTURE QAIN ILLUMINATION
ANQLE FACTOR E F F I C I E N C
5o ©586 ©5909
60 © 76 1 © 7788
70 © 766 ©8587
80 0 6 80 ©8890
90 -5 5 0 « 899 1
£00 0 43 2 ©90 27
£ I O ©329 ©9048
£ 20 ©247 © 906 7
£30 * £70 *90 71
£40 © i£ 6 ©9082
i$o ©077 ©9098
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APPENDIX VI COMPUTER ANALYSIS OF SECONDARY 
RADIATION PATTERNS
A. E l l i o t t  Autocode Computer Program
•::RWD/3/a/AQDH/2aCC35
SETV AC 3 27JBC 3 2?5EC 3 273XMNC 5!) RPQC 4-5SC 4JTYKOQUC 32730
SETS {CCODFHVLWZ
SETF TRICi EXP SQRT LOQ
SETR 103 ' :
OTITLF
SECONDARY RADIATION PATTERN ANALYSIS^EVALUATION OF 
AERIAL QAIN AND ILLUMINATION'EFFICIENCY. •
READ Q
READ 0 - / .
CYCLE 2 = o m :3 3 6  
READ n
AZ=M • -
JUMP IF AZ>Gi@iC 
AZ=Q
iB}REPEAT Z 
K=A
CYCLE Z=o: 1:326 
AZ=K*“AZ 
■AZ-AZ/O 
REPEAT Z 
CYCLE 2 =o: 1:326 
AZ=AZ<>© 23026
AZ=EXP AZ •
AZ= 1/AZ . • ■ '
REPEAT Z 
CYCLE !=o :i s326 
BI =A I 
EI =A I
REPEAT 1 *
CYCLE 1=0:1:20
X=STAND I ■ , FL;;;,,,-, ; :FF'';:VF ■/' T - ■ ' : - ■
T=o*o5*X
T=T/i8o
Y=SIH T
EI=E!*Y
REPEAT I
CYCLE I =21; is 60
T=STAND I
T=T~so
T=T*o«i
T=T+i
T=T/i8o
Y =S IN T
E I = E I o Y  •
REPEAT i
CYCLE !=6i:i:aio
T=STAND I
T=2T“*6o
T=Toc„3
T=T+5
T=T/iCo '
T= S I M T  
EI =E I *Y 
REPEAT I
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APPENDIX VI Continued (l)
CYCLE !--ails 1:326 
T-STAND 1 
T i o  
T=T©'i<, 25 
T =7+ 35 
T=T/i8o 
Y=S1N 7  
'■'EI«E!*Y 
REPEAT I 
M=o
CYCLE 1-1:2:19 
‘ H=M+EI
REPEAT f
N«o
CYCLE 1=2? 2:i£ 
" N « N + E i  
2)REPEAT I .
N«N*2 
N«N+M 
N=N+Eo
N ^ N + E s o ' i
N=N/i8o 
Ni=N/6o 
M=o
CYCLE 1=21:2: 59 
; M=H+E1 
REPEAT I -
M=M*4 
N=o
CYCLE i“22S 25 58
N-N+EI
3 5REPEAT I
N=N*2
N=N+M
N-N+Eao
N-N+E60
N»N/i8o
H 3"M/30
M«0'
CYCLE I ~6 it 2: 209 
M=M+E\
REPEAT !
M«M®4
N=o
CYCLE 1=6252:208
N«N+EI
4}REPEAT 1
N»N*a
N«N+M
N=M+E6o 
N=N+Es’io 
N=N/i8o 
N 'z -N / 15
Fi=o '
APPENDIX VI Continued (2)
' CYCLE I«2 i'i:3:325 
H~ M-S-E1 
REPEAT I 
‘ M=M»4  
H«o
CYCLE I-sis? 2: 324 
N-NM-E I 
5} REPEAT !
■N~N®2 
> H ~N -t*
N“N*f E 2 5.0 
N~N*E3 26 
N=N/i8o 
H-H/3
N 4 ~ N « , i « 2 5  1
N“N i*rNs 
/ N«N+N3 
H-N^N 4 
Ns«N^3* 14159
N5«a/N5
N5«LOQ N5.
N5^4.34294482^5 y 
TITLE
AERIAL GAIN COB} ® . 
PRINT N5,4 
■■■-■■» LINES 2 , ,
TITLE
ANQLE ILLUMINATION
EFFICIENCY
17}READ Ci 
READ Cs 
^  . READ C3
CYCLE C=Gi: Cas C3 
; JUMP IF C~2i6@i6 
JUMP IF C=si4@’i6 
JUMP IF C~2 i-2@%6 
JUMP IF C>216@io2 
JUMP IF C=66@t6 
JUMP IF C-64©£6 
. JUMP IF"C«6s.©i6'
■JUMP IF C>66©ioi 
JUMP IF C=s6@i6 
JUMP IF C=34@i6 
JUMP IF 0 «22©i6 
.JUMP IF *C>26Cioo  
T«STAND C 
T « O i> o 5 ^ T  
PRINT T ?4 
P=o 
R=o 
D«C-i
CYCLE I=itaj D 
P«P+BI 
R«R+E1 
6 5REPEAT I
APPENDIX VI Continued (3)
CYCLE l « a t a s F
Q-Q-J’B f
S*=S+E I
7}REPEAT I
Q ~ Q * 2
S~S-*ja
S=R4*S
■S'sS+ECC}
S=S/i8.o
S==S/6o
2~o
JUHP @96
iooDT=STAND C
T-T«~20
Ts=o*i«T
T = T + i  -
PRINT T *4
P«o
R~o
D*C~t
CYCLE I *=21: asD
,P=P+Br
R«R+EI
8}REPEAT I 
P==4*P
R=4 *R 
Q i ~ o  
B 1=0 
Fs=C***s
CYCLE- l ~z z t z  : F
Si=Si+E!
95REPEAT !.
S i~S i Ss 
S i-R-fS i 
S i^ S i* E C C }
S i~S 5,4-E 20 
Si~Si/i8o 
S i~S i/30 
Si^Si-KU 
Z « i
JUMP @96
* o O T = S T A N D  C
T”T«“6o
T«o » 2* T
T=T+5
PRINT T,4
P=o
R-o
CYCLE 1 = 5 * :  a :  D 
P s p + B I  
R « R + E ! 
io3 REPEAT I 
■ P « 4 * P
R«4 *R
Qz-o
Sz~a
F~Cmz
APPENDIX VI Continued (H)
CYCLE 1-6 2: s:F 
Qs-Qs+BI 
S 2 = S s +EI 
lOREPEAT I 
1 Q 2~Q 2^3 
S 2~S 2* 2 
: S 2 = R*S 2 
S2s=S2*ECC>  
Sa=S'2+E6o 
S2-S2/180 
S2-S2/i5
S 2*=S3+N2 
Z “ 2
JUMP @96
.i0 2>T=STAND C .
T~ 1—s io
T « J U 2 5 *T
T«T+3‘5
PRINT T r4
P=o
R~o
D=C~i
CYCLE I«»ii:2iD 
P«P+Bi 
R-R 5-F1 
12}REPEAT I 
P~4*P 
RS 4 *R 
;Qco .
S3 =0 
F«C-a
CYCLE 1-2 12: 2$ F
Q«QJrBI
S 3e=S3 'l*E{
!3 D REPEAT I
v Q « Q * 2  _ . . , - 
, S 3 - S 3 6 2
s 3 « r+s 3
S 3*S3+ECC}-
S3=S3*i“E 2iO
S 3 - S 3 /1 8 0
s 3 ~s 3 / 3 
Sz-Ss^lo25 
S 3 -S  3 1
■S'3=S3+N2 
S3-S3+N3 
Z » 3  ■
o 65 S « S Z /N  
SPACES 1 
PRINT S,4 
LINE
1 6 5 REPEAT C
JU MP @ i  7 
10 3^)STCP 
START 1
APPENDIX VI Continued
B. T yp ica l Computer Input Data
27 DEGREE SUBREFLECTOR, 6 INCH DUAL MODE HORN OFFSET 3 DEGREE 
FREQUENCY it.iGHZ 
SYMMETRICAL -PLANE - ■
H-PLANE RADIATION PATTERN CRHSJ
So
i O
8 0 0 7 9 9 7 9 6 7 8 8 7 7 8 7  6 6 7 5 ® 7 3 0 7 1 0 6 9 2
6 7 4 6 6 2 6 5 0 6 3 4 6 i 8 6 0 6 5 8 2 5 5 4 5 4 0 4 9 0
4 6 0 5 0 6 5 4 8 5 ^ 4 5 6 4 5 4 6 5 2 6 5 0 0 4 8 0 4 8 0
4 9 0 5 0 0 4 9  4 4 8 4 4 6 6 4 3 0 3 9 0 4 1 0 4 2 0 4 3 4
4 5 4 4 6 6 4 8 4 4 9 0 4 8 4 4 7 0 4 3 6 3 6 0 3  3 ° 3  7 0
4 1 0 4 3 4 4 3 0 4 1 0 3 7 0 3 3 0 3 2 8 3 6 0 3 S o 3  7 0
3 2 0 3 1 0 3 0 0 3 5 0 3 3 6 3 0 0 2  76 3 1 0 3 8 0 4 0 0
4 1 0 4 3  4 4 2 6 4 1 6 4 1 0 3 8 6 3 8 2 3 5 6 3 3 0 3 5 0
3 4 4 3 0 0 2 7 0 2 4 0 2 1 8 2 4 0 2 4 0 1 5 0 1 6 0 2 7 0
2 6 6 2 3 0 2 5 0 2 7 0 2 2 0 £ 3 6 2 0 0 £ 9 0 1 4 0 1 8 0
2 0 0 1 9 0 2 7 0 2 8 0  . 2 6 0 2 5 0 2 4 0 2 5 0 2 6  2 2 6 0
2 7 6 3 1 0 3 1 6 2 9 4 2 9 8 3 0 6 2 9 0 2 5 0 2 6 0 2 9 2
3 0 0 2 8 0 2 7 0 2 7 6 2 4 0 1 9 0 j. 80 1 6 6 £ 3 4 1 7 0
1 3 0 i 6 o 2 4 0 2 7 O 2 7 0 2 4 0 2 3 0 2 3 0 2 0 0 £ 9 0
1 5 8 1 7 0 l 8 o 2 1 4 2 0 0 1 8 0 i 50 £ 4 0 8 0 £ 4 0
i o o £ 3 0 1 2 0 9 0 1 8 0 2 4 0 2 5 8 2 5 0 2 5 0
2 6 4 3 6 6 2 5 0 2 3 0 2 1 0 2 1 6 3 2 0 2 4 0 3 3 O 2 2 0
2 2 4 2 3 4 2 3 ° 2 8 0 2 9 4 2 7 0 2 1 0 2 1 0 2 2 8 2 1 0
1 2 0 l6o 3 0 0 1 4 0 1 8 0 2 5 0 3 0 0 £ 6 0 1 8 0 2 2 0
2 6 0 2 8 0 3 O O 2 6 0 3 2 0 £ 8 0 £ 7 0 1 5 0 l 6 0 1 8 0
2 0 0 1 9 0 1 6 0 1 5 0 1 6 0 1 8 0 £ 5 0 1 6 c £ 7 0 l 8 o
2 0 0 1 4 0 2 0 0 2 0 0 8 0 1 8 0 80 2  10 £ 9 0 2 4 0
2 4 0 2 3 0 1 6 0 I 4 0 5,80 1 6 0 5 .6 0 £ 8 0 1 6 0 £ 8 0
i o o i3 < > 1 6 0 l 6 o i S o 1 9 0 i 8 o £ 9 0 1 0 0 1 8 0
1 7 0 1 7 0 3 1 0 2 2 0 1 7 0 1 6 0 1 7 0 1 9 0 2 0 0 1 9 0
2 3 0 1 8 0 2 0  0 I 4 0 1 6 0 1 7 0 1 4 0 £ 5 0 1 9 0 £ 6 0
2 3 0 2 6 0  . 2 5 0 2 3 O £ 4 0 8 0 £ 2 0 I O O 8 0 1 0 0
1 2 0 9 0 8 0 £ 2 0 £ 4 0 9 0 8 0 £ 4 0 £ 20 1 0 0
80 8 0 £ 1 0 9 0 8 0 80 8 0 9 0 8 0 9 0
8 0 80 8 0 8 0 9 0 9 0 £ 2 0 £ 1 0 £ 9 0 9 0
I O O 8 0 8 0 80 1 0 0 9 0 8 0 8 0 9 0 8 0
I O O 80 9 0  • I O O i  20 1 1 0 1 2 0 1 1 0 £ 4 0 1 3 0
8 0 5 .1 0 £ 0 0 £ 2 0 S. SO 1 2 0 8 0
8
2
20 ■ 
3°
i O
60
86
50
£86
222
8
3 2 6
9
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APPENDIX VI Continued
C. T yp ica l Computer Output
SECONDARY RADIATION PATTERN AMALYSIS,EVALUATION OF 
AERIAL QAIN AND ILLUMINATION EFFICIENCY®
27 DECREE SUBREFLECTOR, 6 INCH DUAL MODE HORN OFFSET 3 DECREE 
FREQUENCY iSoiQHZ 
SYMMETRICAL -PLANE
H-PLANE RADIATION PATTERN CRHS9 •
AERIAL QAIM CDBO = 50*90 ‘
ANCLE ILLUMINATION 
EFFICIENCY
* 4 0 0 0 e 6 4 0  3
• 5 0 0 0 © 7 1 1 4
©6000 • 7 5 4 6
0 7 0 0 0 • 7 8 1 5
• 8c  0 0 •79  73
©9000 • 8 0 3 3
i  e OOO • 8 0 5  i
2 © OOO . 8 5 8 9
3®ooo • 8 7 8 0
4®ooo • 9 0  11
5©ooo © 9 0 8 2
1 0  © 20 ©9336
20 © 20 © 9372
30 • 20 ©9389
50 © 0 0 © 9 5 2 1
60  © 0 0 «9 5 6 2
70 ©do © 9 6 1 2
80 ©00 © 9688
9 0 * 0 0  * 09 76 7
tOO e O * 9 8 9 9
1 1 0 * 0 •9957
i  20 © O ©9070
t 3O e O * 9 9 7 8
t4 0 © 0 ©9983
i 5 o © o ©9992
1 6 0  ©O •9995
170 *0 ©9998
180 ©0 1 * 0 0 0
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T H E O R E T I C A L  AND M E A S U R E D  R A D I A T I O N  P A T T E R N S
S Y M M E T R I C A L  S U B R E F L E C T O R
MEASURED H-PLANE  CALCULATED
6 I N C H  D I A M E T E R  D UA L  MODE H O R N ,  F R E Q U E N C Y  1 1 : 1  G H z
- 8 0 ° "40 40 60
N.
HO
-15
8 I N C H  D I A G O N A L  H O R N ,  F R E Q U E N C Y  1 1 : 1  G H z
"40
-0
v
-10 CE- J
-15
F I G  1
HORN OFFSET 0 6
F I G  2
HORN OFFSET 0 « .(
2 7 °  S U B R E F L E C T O R  S Y M M E T R I C A L  P L A N E
 MEASURED, H-PLANE  CALCULATED
6 I N C H  D I A M E T E R  D UAL  MODE H O R N ,  F R E Q U E N C Y  1 1 : 1  G H z
~flO ° - 4 0 °  0 ° 40 0 80 P
-10
-15
8 I N C H  D I A G O N A L  H O R N ,  F R E Q U E N C Y  1 1 : 1  G H z
“ 8 0 °  - 4 0 ° 40** - 8 0 1
-15
F I G  3
HORN OFFSET 3 b
F I G  4
HORN OFFSET 3°
i3£
'J3
a 3=
3(= =3
*
as X I
• o 3=
i— c a j J
cl.  a : V3
UJO V )
C 3 __ 1 CC
CD
T H E O R E T I C A L  AND ME A S U R E D  R A D I A T I O N  P A T T E R N S
2 7 °  S U B R E F L E C T O T  “ O F F S E T  P L A N E ”
MEASURED H-fLANE ------------------ CALCULATED
6 I N C H  D I A M E T E R  D U A L  MODE H O R N ,  F R E Q U E N C Y  1 1 . 1 G H z
- e o °  —4 0 ' 40 ‘ 80
—5
- 1 0
>  -a
t— _i <z UJ
- 4 0 '- 8 0
U J CD
-6
—10 tr  _i
—IS
F I G .  1
HORN OFFSET 0 (
F I G  2
HORN OFFSET 3°
- 8 0 °  - *n°•40 0° 40' 80'
- - 5 F I G  3
HORN OFFSET 8°
8 I N C H  D I A G O N A L  H O R N ,  F R E Q U E N C Y  1 1 . 1 G H z
- 8 0
-5
-10
H 5
LU
F I G  4
HORN OFFSET 0°
- 8 0 '
- 5
- 1 0
-15
F I G  5
HORN OFFSET 3°
- 8 0 °  - 4 0 ' 40°  8 0 '
- 5
-10
-15
F I G  6
HORN OFFSET 6C
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T H E O R E T I C A L  AND ME A S U R E D  R A D I A T I O N  P A T T E R N S
3 2 °  S U B R E F L E C T O R  O F F S E T  P L A N E ”
MEASURED H-fLANE    CALCULATED
6 I N C H  D I A M E T E R  D UA L  MODE H O R N ,  F R E Q U E N C Y  1 1 - 1  G H z
80'
-1 5
F I G . 1
HORN OFFSET 0 3
**80° -4 0 ° 0° 40° 8P°
F I G . 2
HORN OFFSET 4°
*80
-15
F I G . 3
HORN OFFSET 6 °
8 I N C H  D I A G O N A L  H O R N ,  F R E Q U E N C Y  1 1 - 1 G H z
-80 -4 0 ° 0 ° 40' 80'
- 1 0
F I G . 4
HORN OFFSET 0 °
_1 >  
UJ UJ
or
F I G .  5
HORN OFFSET 4 (
-80 -40 40 80
- 1 0
F I G . 6
<  UJ
£  w  HORN o f f s e t  bc
fif-o
T H E O R E T I C A L  AND M E A S U R E D  R A D I A T I O N  P A T T E R N S
3 7 ° S U B R E F L E C T O R  “ O F F S E T  PLANE*’
•MEASURED H- PL ANE ------------------------- CALCULATED
6  I N C H  D I A M E T E R  D U A L  MODE H O R N ,  F R E Q U E N C Y  1 1 • 1  G H z
- 8 Q ° t  - 4 0 °  0 °  - 4 0 °  8 0 °
-10
- 1 5
F I G .  1
HORN O F F S E T  0 °
- 8 0 °  - 4 0 °  0 °  4 0 °  8 0 '
- 1 0
_J >  
LU Ul 
OC -J
F I G . 2
HORN O F F S E T  4 °
- 8 0 °  - 4 0 ' 4 0 ° .  8 0 °
- 1 0
F I G .  3
ul W HORN O F F S E T  6 1
8  I N C H  D I A G O N A L  H O R N ,  F R E Q U E N C Y  1 1 * 1  G H z
- 8 0 . -40
- 1 0
F I G . 4
HORN O F F S E T  Oc
- 8 0 °  - 4 0 °  0 °  4 0 °  8 0 l
-  10
F I G . 5
HORN O F F S E T  4 °
- 8 0 °  - 4 0 °  0 °  4 0 °  8 0 '
U J CD >  *o
-5
«x u j
_i >  
UJ Ul
-  1 0  “ = - j
- 1 5
F I G ! .  6
HORN O F F S E T
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E-PLANE
FIG.1
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FIG.lr \
180-6 0 ' 120'■60-120'-180'
DIAGONAL HORN I 
OFFSET T  j
E-PLANE !
F1G.3 j
■40
180120-120'■180'
blAGONAL HORN 
OFFSET 6 °  
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! FIG .5
180°120'H80*
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-20
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FIG. 3
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■120°-18CP 180*6 0•60*
CIRCULAR HORN 
OFFSET (P  
E-PLANE 
FIG . 5
Vit
180*60*-180°
-  d ia g o n a l  h o r i
OFFSET 0 °  
E-PLANE 
* FIG.l
-  -16
•40
180°
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r  OFFSET 4P
E-PLANE
"  DIAGONAL HORN 
OFFSET 6 °
„  E-PLANE
* FIG.5 J  i
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FIG.1
T8CP°12CP-18CP
s8
CIRCULAR HORN 
OFFSET 4°
E—PLANE 
FIG. 3
VN
18(fW-12CP-18(f
CIRCULAR HORN 
OFFSET 6* 
E-PLANE 
RG.5
°12<f-12CP 180'
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E -  PLANE 
F IG -I
-40
120°•6CP120° 180•180
DIAGONAL HORN 
OFFSET 4 °
E -  PLANE 
FIG. 3
—!—20
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180°120P-6 0 ‘:180*
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OFFSET 6 °
E -  PLANE 
FIG .5
180°120°AO'-120
1 27°SUBREFLECTOR ' 8 
! CIRCULAR HORN 8 
I OFFSET 3 °  s  
E-PLANE 
FIG.l
120°•120‘ 6 0 '6 0 '
8 32°SUBREFLECTOR 8 
CIRCULAR HORN £ 
OFFSET 4 °  s  
E—PLANE 
RG.3
120*120* 6 0 '
37°SUBREFLECTOR 
CIRCULAR HORN 
OFFSET 4 °
E -PLANE 
FIG. 5
!
120°■120 60*
HORN
3 2 ° SUBREFLECTOR 
DIAGONAL HORN 
OFFSET 4 °
d ia g o n a l  HORN 
OFFSET4 °
I
- 180 °  - 150 °  - 120 °  - 90 °  - 6 0 °
-J
1 l i k I Ml lilUI 1111 L i l l J 1
- 180 °  - 150 °  - 120 °  - 90 °  - 60 °
- 180°  - 150°  - 120°  - 90 °  - 60 °
- 180°  - 150°  - 120°  - 90 °  - 60°
- 180 °  - 150 °  - 120 °  - 90 °  - 60 °
- 130 ° - 110°  - 9 0 ° - 70 °
- 130 °  - 110°  - 9 0 °  - 7 0 °
- 130 °  - 110°  - 9 0 °  - 7 0 °
- 130 °  - 110 °  - 90 °  - 7 0 °  - 50 °
- 130° - 110°  - 90 °  - 7 0 ° - 5 0
- 130 °  - 110°  - 90 °  - 70 °
/l
jLui
fL
- 130° -110° - 90 ° - 7 0 °
r
SYM METRICAL CASSEGRAIN SUBREFLECTOR
Neg. RES 17436
27° SUBREFLECTOR SHOWING SPRAYED M ETAL SURFACE AND MOUNTING PLATE
Neg. RES 17437
27° SUBREFLECTOR MOUNTING PLATES AND FOCAL POINT PIVOT ASSEMBLY
Neg. RES 17438
PRIMARY MEASUREMENT RANGE A T  ST. ALBANS
PRIMARY RANGE TUR NTABLE WITH 37° SUBREFLECTOR AND 8-INCH D IAG O N AL 
HORN ALIG NED FOR RAD IATIO N  PATTERN MEASUREMENTS IN T H E -"S Y M M E T R IC A L  
P LAN E "
Neg. RES 17439
167
SECONDARY RANGE TURNTABLE SHOWING 14-FOOT DIAMETER PARABOLOID A E R IA L  
WITH 32° SUBREFLECTOR AND FEED HORN A LIG N E D  FOR R AD IA T IO N  PATTERN 
MEASUREMENTS IN THE “ OFFSET P LAN E"
Neg. RES 17440
1&S
32° SUBREFLECTOR AND HORN ALIG N M EN T JIG
VIEW OF 14-FOOT DIAMETER PARABOLOID FROM GROUND SHOWING 32° SUBREFLECTOR 
WITH 6-INCH DIAMETER DUAL MODE HORN OFFSET 6°
Neg. RES 17441
169
32° SUBREFLECTOR AND 6-INCH DIAMETER D.UAL MODE HORN ALIG NED FOR SECONDARY 
RADIATION PATTERN MEASUREMENTS IN THE "OFFSET P LA N E "
Neg. RES 17442
a  c
